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PREFACE. 



I HATi aimed so to write this book, that it shall be fitted both for gen- 
eral reading, and for instmction. It is designed for the family as well as 
for the school. It seemed desirable that these two objects should be ao 
oomplished at the same time, and I have not found them to be at all in- 
compatible. The instmction needed by the family on this subject, differs 
not from that which is required in the school-room, either in regard to 
the facts to be communicated, or the manner in which it should be done. 
No one will question the truth of this, so far as the &ct8 are concerned. 
But it is true even as to the mode of communicating them. In both cases 
there need to be clearness in statement, and fullness of illustration. Actual 
instruction is to be given in both cases, and to minds that are very nearly 
in the same attitude. I could not, therefore, see the necessity of writing a 
book on this subject for the ^)eople which should differ from one written 
for the school. Besides, it has seemed to me desirable that there should 
be a greater community of interest between the school and the family than 
as yet exists ; and this object books equally interesting to both will tend 
to promote. 

It may be proper for roe to say a word in relation^to the style of the 
work. I have adopted the style of the leoture-rooro, because, that while 
it is not inconsistent with conciseness, it is the more natural mode of in- 
struction, especially when so much reference is made to illustrative figures. 
It has enabled me also to keep in view more effectually the attitude of the 
minds I address. I have had my readers before me continually as an 
imaginary audience. I have avoided technical terms as far as possible. 
Whenever they are used they are sufficiently explained at the time, so 
that no glossary is needed. Some points commonly considered hard to 

be understood are treated of, but I have endeavored to simplify them, by 

1* 
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fliU iUiutriitJcin, and 1^ a presentntioii of Ihe troth an<Kim[^Gated wiA I 
■pecnlallons and bypothesea. And tbesa prnnta ore » mlrodaoed, that 
the mind is prepared by the previona iuTestignliun lo nnderstund them. 
I have aimed bo to arrmige llis loplos, aa to have a prepacaUoa constantly 
going on in the mind of the stodent, fitting him for the ptiipof nnder- 
standing of what lb to oome after. By this natoral gradation in the de- 
velopment of the whole sobject some of the deep things in Phfaiologj 
Oon be made alear, which it would ottierwise be imporaible for the stndcn 
to understand. It is proper to state here, that I intead to prepare a irorK I 
for yoEing«' sohotara, in which some of the ample poiDts in Physiology I 
will be illUBtrated. This, by fatniliuriung tholr minds with the subjeoti I 
will fit them for a more thorough understnndiug of the present worl 

Although Fhyaiology is beoomiog ft promincat atady in tbe schools and | 
colleges in some parts of our cotmtry, ila importsuoe is no where as y 
sppreoiated aa it should be. It shoald be made a regular branch in oi 
EdnoBtioiml System. This has been already done in Franoe. " A oon 
petent knowledge," says Carpenter, " of Animal Physiology and Zoology I 
is there required from every candiduto for UrnvBrsily honors ; and n 
of the highest saientifio reputation do not thiuh it beneath them to w 
elementary books, fur the instrnotjon of the beginner." 

The importonoo of Physiology as a study,«iU appi^ar from various « 
siderations. 

Many of iho subjeclB comprised in Fhyiuology have, in Iha oase of / 
most 9lndants,been already studied in a diOerent ph&se, or mode, in r 
branches. Thus, if the student has attended to the Meehanical Powers 
in his Natural Philosophy, he finds in the human body the principles 
the pulley and the lever illualraled in great variety and perfection. 1 
prinoiplea in relation to strength in the form and BiraDgemcDt of stn 
ture he sees QXempliRed in the frame-work of the body in the most f 
mirablo manner. If ho has studied Hydranlios, he sees in the body tha 
mnst perfect, and at the same time the most oomplioatod hydraulic mn- 
chiDery, working incessantly throughout life in tbe oiranlation of ths 
bluod. Theprindplosof Pnenmatiea he finds applied in the respiration 
those of Optics in the eye — those of Aeouatici in the ear — and those of I 
And then, his chemiuntil 
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Knowledge meets with new applications in his observation of the ohani^es 
and the processes going on in the body. 

The relations, then, of Physiology to some of the common branches 
tanght in the higher classes in schools, are of the most intimate charac- 
ter. Physiology, in part, merely extends these branches into a new and 
mteresting field ; and the student who has once entered this field recurs 
to these same branches with a renewed interest. Hydraulics, Pneuma- 
tics, Optics, &c., have now a new attraction for him, from this, to him 
novel, application of their principles. The interest thus awakened in 
his mind is worth much in itself, aside from the mere addition made to 
his knowledge. And the interest is enhanced by the consideration, that 
in the human body he sees the applications of these principles to mechan- 
ism that exhibits the skill of perfect wisdom and almighty power. 

But there are relations of Physiology to still other studies which should 
be noticed. 

The analogies that exist between the human body and all other living 
things, in relation to structure and growth, are numerous and strikmg. 
Though life is so diverse in its processes and in the forms which we see 
it evolve in the whole range of animated nature, it in some important re- 
spects displays a great similarity, which it is interesting to trace through- 
out its diversified manifestations. Growth, or nutrition, as you will see 
in the following pages, is essentially the same in the Plant as it is in the 
Animal. Botany, therefore, taught as it should be, has quite an intimate 
relation to Animal Physiology. The Science of Life is, in many respects, 
one Science ; and if, in studying any of its subdivisions, we &il to take 
this broad view of it, and to trace out the analogies referred to, we lose a 
large part of the interest of the study. Human Physiology, the subject 
of study in this book, is but a part of a science which ofiers to the student 
wide fields of observation exceedingly diversified and full of interest. 
This being so, I could not avoid in the following pages making occasional 
reference to the analogies existing between the phenomena of life as ex- 
hibited in the human system, and those which we see in the living world 
around us. So that as the student proceeds with the study, he will find 
lumself interested in the phenomena of life in whatever form they are 
presented. 
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This leads me to say that this study of nature, in its broad common re* 
lations and its beaatiful and extensive analogies, should be made very 
prominent in our systems of education. It is the application of the prin- 
ciples of abstract science to the forms, and especially the living forms of 
nature all about us, that gives interest to these principles, and makes ua 
to understand and apprc>ciate them. It is here that we find a very seri- 
ous defect in the prevalent mode of education, even at the present time, 
notwithstanding all our improvements. Let us look at it a moment. We 
live in the midst of a material world, animate and inanimate, and have 
daily converse, so to speak, with material forms of every variety, present- 
ing phenomena of the highest interest and of endless diversity. And 
yet, through almost all the period of childhood, and perhaps we may say 
youth also, this book of nature is in the school-room very nearly a sealed 
book. The very process of education shuts in the pupil from this broad 
contemplation of the world in which he lives. He is drilled through 
quelling, reading, grammar, &c., but he is left in total ignorance of the 
beautiful flowers, and the majestic trees outside of the school-room. How 
very few even of thoroughly educated adults, know the processes by 
which a plant or a tree grows ! And the same can be said of other 
phenomena of nature. 

The defect which I have pointed out runs through the whole of educa- 
tion. We can see it even in the prevalent mode of teaching the natural 
sciences themselves. One would suppose that here the feicts, the phe- 
nomena, would command the chief attention of the teacher and the stu- 
dent. But it is very commonly not so. The mere technicalities and the 
classification are made much too pi^minent. Botany, really one of the 
most interesting of all branches of natural science, is thus ordinarily 
made one of the driest of studies. To teach this aright, the phenomena 
of vegetation, so varied and so beautiful, should constitute the chief ma- 
terial of instruction, and the mere classification should be considered, al- 
though necessary, as wholly a secondary thing. 

The great facts of the world, both of mind and matter, should furnish 
really the material for education, and those branches that are ordinarily 
pursued with such assiduity should be considered as merely subsidiary to 
the teaching of these &cts. The whole order of education must be re- 
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Tened. Instead of beginning the child's education with learning to E)>rC 
and read, the object should be to make him an observer of natur^^ and 
the spelling and reading should be done in connection with this, and an 
Bobsidiaiy to it. Things and not words, or mere signs, should from th« 
first, constitute the substantial part of instruction. The child should be 
made, at home, in the school, and everywhere, a naturalist in the largest 
sense of that word. We should aim to impart to him a spirit in con- 
sonance with the following precept of Hugh Miller, the fiimous self- 
taught geologist . " Learn to make a right use of your eyes ; the com- 
monest things are worth looking at — even stones and weeds, and thd 
most fiuniliar animals." 

As it is now, no one becomes a naturalist early in .life, except in spite 
of the tendencies of his education. The study of nature is not only not 
encouraged, but is absolutely discouraged in our educational system. If 
any one, like l^gh Miller, by the force of a taste that can not be repress- 
ed by the training of the school-room, undertakes to make a " right use 
of his eyes," and curiously examines *' stones and weeds," he is regard- 
ed by the world of spellers and readers and grammarians and cipherers, 
as a strange genius. But he is pursuing from an irresistible internal 
force, the very course that I would have every student, even from his 
childhood, encouraged to pursue, in a measure at least, by the external 
circumstances of his education. The tendencies of his tramiug should bo 
decidedly in this direction. 

If the general mode of education were changed in the manner indicated, 
education would have much less of the character of mere drudgery than 
it now has. Not that there would be any the less labor ; but the labor 
would be made lighter by the interest imparted to it— the interest, which 
always results from the study of &cts and phenomena, and never from the 
learning of mere words and technicalities and classifications. I would 
gladly dwell on this subject, and show by varied illustrations how the 
mode of instruction referred to, should be pursued, and especially with 
younger scholars ; but the limits of a pre&ce will not allow me to enter 
so large a field. 

The change which I have pointed out can not be effected at once. It 
will require time. Confirmed traditional customs are to be done away, 
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the babits of teachers are to be altered, asd the proper books 

jreat extent to be yet written, eipedaUy Bneh as are iitled Tor the fuW 

jBBM of eduoation. 

If the studj ef nutnru should be Ihoa made promiueut is ednoatioBpl 
humali phf siolog; wonid be couRilered altogelher iM moet intercatitig ani' 
important brunch, and for seTernt reasona. First! there ia no whore M 
be fonBd 10 cnriom a coUection of mei?}iaiiismB, or so iaterceting and 
wouderfbl a BerJes of prooesacB, aa in tho human body. In nothing else 
in the wide world are the principles of so many departments of science 
BO exleiiBiTelf and perfectly eiempliiied. Ufe works here ila most com- 
plicated set of madiiiiery. Secondly: the singular and myeterioua con- 
neotion of the immaterial and immortal soul with the material and perish- 
able body, gives intense interoel (o this study. Id Physiology ive da 
not Blrady mutter alone, or apirit alone, bnl both matter and spirit united, 
and otUn acting together. This circuuietanco dlstinguishcB this from all 
other studies. Thirdly : it is aur olon frames, moved by the spirit vrilhio 
ns, that we study. The snbjeot bus a personal interest for as, that Is not 
presented by moat studies, and by none in so large a degree as 
And Fonrtbly : the stivly is of great importance, because a judicious andfj 
efficieol Hygiene must be based open a knowledge of the laws of ph< 
ology. Wo cannot know how to keep our (unctions in the condition 
health, without nnderstanding the laws that regulate them. I bare 
but little in this book in regard to hygiene, and (bat only inddonlally, 
cause thai subject would require of itself a whole Tolome to elucidate 
properly. 

I have not thought it proper to indulge to any great eitenl in thosa re- 
fleotions, which the ooateinplalion of bo perfect and diversiSed acnn^riia 
of tneohanisms as are presented In man wonid naturslty suggest, in regard 
to the skiU of the groat builder of the univorse. Booh reflections woald 
extend the book to too great length. Bendes, ihey are so rea^y sug- 
gested to the mind of both teaohor and scholar, that it is eatirely nn-. 
neocBsary (or tho author to dwell on them. 

I have treslcd of some subjects, on which, from the difficulty of un- 
derstanding them, there has been a dispoeition In many minds to go be- 
rond what we hnow, and indulge in nnwarranled speculation. On t1ies« 
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points I have taken pains to draw the line very distinctly between what is 
known, and what is supposed. I deem it to be important to prevent the 
minds of the young from being led away from the simple truths of 
soienoe by ingenious speculations and plausible reasonings. Let me not 
be understood to decry all hypothesis. I only object to the mingling of 
&cts and suppositions together in one indiscriminate mass, as is often 
done. The disposition to do this, which is more common thjm is generally 
supposed, exerts so injurious an influence upon the habits of the mind, 
and so confuses its views of truth, that we ought to look upon it as one of 
the most serious evils to be guarded against in education. It is really 
one of the most prominent obstacles to the progress of truth on all sub- 
jects, both in individual minds, and in the mmds of the community at 
large. This dispodlion, so apt to be fostered in the enthusiastic mind of 
youth, by ingenious but dreamy speculations, should be corrected at the 
outset, and the nund should in its forming stage, be habituated to the dis- 
orimination between the proved, the true, and that which rests on pre* 
Bomplive, perhaps merely plausible evidence. This discrimination should 
therefore be exemplified in books designed for instruction, and this I have 
attempted in the present volume. 

I have divided the book into Three Parts. The First, which I have 
made as short as possible, is merely preliminary to the consideration of 
the particular subject of the book. In the Second Part, I present the 
hutaan structure, simply as a structure, and show how it is constructed 
and kept in repair. In the Third Part, I treat of all those subjects which 
relate to the usea for which the structure is designed. This natural 
division of the whole subject, not only presents it to the mind of the 
student in an interesting point of view, but secures that natural grada* 
tion in its development, which I have six)ken of as being necessary to a 
dear nnderstandmg of its deeper and more intricate portions. 



NOTE. 

Since the book was first published, the Author 
has, in obedience to the requests of many Teachers, 
added a chapter on Hygiene, and also an Appendix 
containing questions. A full Index is also subjoined. 



PHYSIOLOGY. 



PART FIRST, 
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CHAPTER I<--OM>AinzKD Ain> UNORSAwnxD SxnnAJtemt, CHAPTER 11.— Tax DirrtNOTKW 
ar r wMW Anocai^ avo Plants. CHAPTER III.— Mait ui bm Rklatiovi to tbb Thkv* 
XarsDom of Natvms. 



CHAPTER I. 

OBGAinZED AND UNORGAinZED SUBSTANCES. 

1. Thb crystal and the plant are both wonderful growths. 
As you look at them, you think of the crystal as having been 
formed, and of the plant as having grown. But in one sense 
they have both grown to be what they are. The crystal was 
once a minute nucleus, and the plant was once a little germ. 

2. IrP one respect they are alike in their growth — both have 
increased from particles taken from things around them. But 
the processes by which this is done are different in the two 
cases. The crystal has increased or grown by layer after layer 
of particles. There are no spaces or passages by which parti- 
cles of matter can be introduced inside of it. Any part of it, 
when once formed, is not altered. It can receive additions 
upon the outside alone. But it is not so with the plant. This 
enlarges by particles which are introduced into passages and 
interstices. It grows, as it is expressed, by absorption or by in- 
tussusception, 

3. How, now, is this absorption effected ? It is done by cer- 
tain vessels or organs^ constructed in the root of the plant for 
this purpose. These take up or absorb fluid matter from the 
earth. There are other organs which circulate this fluid through 
all the plant ; and others still which, use it for the purpose of 
growth or formation. There are no such organs in the crystal, 
K)r it has no inner growth. The plant is therefore said to be 
an organized substance or being, and the crystal is an wwor- 
ganized substance. And so we speak of the organic structure, 
or the organization of plants. 

2 
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4j These organs, which thus absorb, and circulate, and oon- 
Btruct, do not ju;t simply on mechanical principles. The plant 
is not merely soaked with fluid, which the heat of the sun may 
expel, as it does water from a poroua mineral substance. These 
organs are acdve agents, and they perfonn their duty with a 
force, and after s manner, for which no mechanical princiiilea 
can account No mechanical powers could alone supply the 
leaves of the mighty tree of the forest with sap from its deep 
roots ; much less could they form these leaves. 

6. Neither do these orgatis act simply oa chemical princi- 
ples. Wiile man, through the agency of chemistry, can form 
some of the crystals which are found in nature, he can not hy 
any arrangement of constituents make a plant, a Sower, or a 
led; And the plant, left alone to the action of chemical prin- 
ciples, wilts ; and at length ceases to be a plant, and becomes 
common nnorganized matter. 

6. Mechanical and chemical principles, it is true, are both 
employed to Bome extent in the growth of plants ; but they are 
under the control of other pnnci^es, which we term viCal. And 
so we apeak of tLe plant not only as an orgaidzed aubalanetf 
but as a livinff being, 

7. What I have said of plants, in distinction from minerali, 
may also be SMd of animals. They are also organize living 
beings, and they have generally a more complex organiMttion 
than plants, aa you will see as I proceed. 

8. The whole material world, then, that we see around ua, 
we divide into two parts — the unorganized and lifeless, and the 
organized and living. The distinctions thus pointed out be- 
tween organized and unorganized matter are essential and 
fundamental. But let us look at some other distinctjons, which 
either arise from these or accompany them. 

9. One disldnclion is this. All the parts of the mineral are 
independent of each other, while it ia otherwise with the plant 
or the animaL Accordingly, we esamine the properties of min- 
erals in a different way fi^m those of plants and animals. The 
chemist can ascertain all the properties of a crystal or a rock, 
if you give him but a small piece of it. But the botanist can 
not ascertain all the properties of a plant by looting atsomo 
one part of it. If he examine the flower, this gives him no 
knowledge of the root. In order to know all about the jilant, 
he must examine every part by itself and then look at it m itfl 
relations to the other parts. The same can be said of tha 
physiologist, in his invtstigation of the properties of animal*. 
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ORGANIZED AND UNORGANIZED SUBSTANCES. 15 
Animilation in organized lubstancai. 

10. As the crystal is forming by layer after layer of particles, 
no change is effected in these particles as they are becoming 
arranged in the layers. But in the case of the living organ- 
ized being, a change is produced in the particles which are 
taken up by the absorbents. And the change, ordinarily, is 
both a gradual and a complex one. In the plant, a change is 
produced in the particles in the very act of absorption; but 
this change is only the beginning of a process ■which is after- 
wards perfected. The sap is not thoroughly fitted for nutrition 
when it first begins to circulate. It is carried up through the 
vessels of the trunk or stalk to the leaves. There the last step 
of the process is taken, and the sap is now ready to be used in 
che growth of the plant or tree. So, also, in ^e animal, the 
nutritious part of ^e food, taken up by the absorbents in the 
digestive organs, is first acted upon by certain little glands, 
through which it passes, is then poured into the circulation, to 
be mingled with the blood, and is carried with the blood to the 
Ixmgs, to be exposed to the air ; and thus it is fitted for the nu- 
trition or growth of the body. This process, which is thus car- 
ried on in the plant and in the animal, is very properly called 
assimilation. For the particles that are taken up by the ab- 
sorbents in the root of the plant are, by this process, made like 
to the plant ; and the particles taken up by the absorbents in 
the stomach * are made like to the animal. So obvious is this, 
in the case of the animal, that some French physiologist speaks 
of the blood as chair coulante, or running flesh. 

11. Another prominent distinction between organized and 
unorganized substances is in relation to permanency. Constant 
change appears in all organized bodies ; while permanency is 
written upon all substances which are unorganized. In organ- 
ized beings, continual change is going on at every point. It is 
a condition of their being. This is true, not only of the de- 
cline of a plant or animal, but even of its growth. For, in its 
crowtk^ as the parts enlarge internally as well as externally, 
uiey change not only the arrangement of the particles, but, to 
a great extent, they change Sie particles themselves. It is 

* The word stomach requires aome little explanation, as it is used in physiology in two 
•enses — in a limited sense, and also in an extended one. It is used in its limited sense, as 
referring to the cavity at the beginning of ^le alimentary eanal^ as it is termed; this lat- 
ter term being applied to the series of cavities, the stomach and the small and large intes- 
tines, which are found in the digestive apparatus in the higher orders of animals. In 
comparisons, however, between these animals and those which have a more simple digest- 
ive apparatus, the word stomach is used in a more extended sense, as being synonymous 
with the term alimentary canal. It is used in this sense, also, when, as in the present 
it it referred to in a comparison between animals and ve^»*ble«. 
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irae, as veil of the toweling tree b9 of t!te tiny plant, that 
these changes have beun going on during all lis growth ; so 
that, at ita maturity, it is, both in relation to the anangement 
of its particles, and in relation to the pardoles thumaelvee, a 
very di^erent tiuDg from what it was whtin it pushed its gona 
up through the grouad, or even wlien it was but a small 
Kot only has it received into its interstices and passages 
particles, but -it has thrown off from the pores of its leavus,' 
those outlets for the refuse of plants, vast quanlltieE of parti- 
cles which are no longer of use in its structure. So, In all 
animals, the same internal changes are going on, and to a 
much greater extent; because, from the activity of their Dii- 
ture, there is more of wear and tear, and, therefore, more of 
refuse matter to be disposed ot As you will see in another 
part of this hook, the human body, that moat compUcated of 
organized beings, imdergoes these changes very largely. 

12. It is not thus with unorganized eubslances. The crys- 
tal, BO fiist as it is formed, becomes permauenL No changes 
occur aithin it. In itself, it is unchangeable. It can not 
change its own particles, as the plant or the animal does. It 
can be changed only by external addition, or by external dimi- 
nution, through the iuduence of agents acting upon its suHace. 

13. With the constant changes going on in organic nature, 
there is constant succession. Flants and animals produce other 
plants and animals, and themselves die, makin? room fQT their 
BuccCEsors. But the crystal does not form ot£er crystals, and 
then crumble into dust In itself, it is both unchangeable and 
unproductive. 

1 4. This distinction between organized and unorganized sub; ' 
stances, in relation to change and succession, meets the eyd'i 
everywhere. The motmtains, the rocks, and even the stonu 
under our feet, remain the same year after year, while all vege- 
table and animal life is ever changing ita forms and manifesta- 
tions. There are the changes of growth, and the chaages of 
decay and death, all around and within us; and they are 'i 
strangely mingled together. There is death even in thfl 
changes of life, as the waste particles are taken away, and arQ i 

? laced by the new; and Ufe springs out of the very bosom, 
death, as from decayed nature new forms of vigor a ' 
beauty arise. The mountains stand as they have stood, as t 
passing generations have looked upon them, while the contini 
changes of vegetation have been gning on upon and arou 
them. The seasons cj'ijwn tkeir bntllements nith tlie i 
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of their ever-returning mutations of life, decay, and death, 
and even the mighty trees, that have shed their leaves from 
year to year, in obedience to the great law of change, but have 
themselves stood, at length bow their heads to the same law, 
and give place to other lords of the forest From the " ever- 
lasting hills," which thus remain the same, though change is 
ever about and upon them, man gets the unchangeable and 
imperishable rock to construct his habitation, while he himself 
is changeable and perishable — ^the creature of a day, whose 
life is as a vapor. He wears the precious stones, and traffics 
in the golden ores, which have existed from the creation of the 
world, through all the changing and dying generations, and 
passes away, leaving them to odiers as changeable and perish- 
able as himself. 

15. Another distinction between organized and unorganized 
substances relates to the forms which they assume. There is 
regularity in both, but it is different in each. Unorganized 
matter is disposed to arrange its particles in straight lines, and 
with angles mathematically exact. You see this in the beautiftd 
crystal ; and you also see it, less definitely, but magnificently, 
displayed in the regular battlements and columns of rocks and 
mountains. The tendency is to regularity ; and irregularity is 
the result of interfering circumstances. A similar disposition 
to regularity is manifest in organized substances, but in a 
different manner. It is disposed to curved, rather than straight 
lines, and seldom makes lines or angles with mathematical ex- 
actness. We see this law of regularity exemplified both in 
animal and vegetable life. Ihe leaf, for example, has the same 
general shape, that is, the same general arrangement of par- 
ticles, when it attains its full size, that it had when it was 
small ; and the same can be said of the arm of the man, com- 
pared with his arm when a child. Illustrations might be cited 
to any extent, but these are sufficient. 

16. While the law of regularity is not commonly as exact 
in organized substances as it is in the unorganized, it is quite 
as authoritative. While it does not ordinarily observe the per- 
fectly straight lines and the unvarpng angles which we always 
find in the crystal, the general plan and contour are very strictly 
preserved amid all the changes of animal and vegetable life. 
And, in some cases, the same mathematical exactness that we 
find in the mineral world is found in organized beings. I 
know not that this is ever true of straight lines and angles ; 
but it is often true of curved lines. There are many very 

2* 




beantifiil examples in the vegetable world. I will give but*, 
single one. If ygu look at the common white daisy, before tho 
hundreds of little buds in its bosom have operied into tiny 
flowere, yon will see them arranged with great eiacloess La 
crossing curved lines, such as you often Bee on the bact of, 
a watch case. A similar arrangement you will find in manjb 
flowers. "j 

17. This regularity is more wonderful in organized snb^ 
Btauces than in the unorganized, because it rules in them in the 
midst of constaut change. In the case of the crystal, us there 
are no internal changes in it, and as each layer of it, when 
formed, is permanent, regularity ia comparatively, bo to speak, 
easily aecured. But in the case of the leaf, as it is gi'omng to 
its ftill size, and of the arm, as it grows from infancy to bo 
the stalwart arm of manhood, continual change is going on at 
every point; and regularity here ia obviouBly a more difficult 
achievement 

18. This regularity appeai-a still more wonderftd, when we 
look at the infinite variety of forms in organized matter, in 
both the vegetable and the animal world. In all these forms, 
each part of every animal and of every plant maintains ita 
own peculiar plan and contour. Take, for example, the leaf >n 
its endless varielieB. How definitely does each variety preserve 
its individual character, and how easily ia it distinguished from 
every other variety ! The eame can be said of every part of 
every organized being. 

ID. Another circumstance still must be mentioned, as adding 
to the wonderhdness of this regdarity. It has been scrupu- 
lously maintained, through all the changes of the world from 
its creation, when God pronounced the works of his hands to 
be "very good." Tiie leaf of every tree, for example, is like 
the leaf of its ancestral trees back to that time ; and go it will 
be in all its Buccessors to the end of the world. "The trees of 
the garden," which delighted the eyes of our first parenis, and 
refreshed them with their shade in their innocence, and amid 
which they hid themselves after their sin from the presence 
their Maker, undoubtedly had the same characteristic shape^j 
imd the same leaves and flowers which their sue 
to our eyes, 

20. Again, it is interesting to notice that, in the midst of 
this regularity, so strictly maintained in each specific form from 
age to age, there ia a measure of irregularity allowed. While 
each kind of tree, for example, has specific characteristics 
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the arrangements of branches and other parts, and in the 
shapes of its leaves, no two trees of the same kind are exactly 
alike, and there is always much variety in the leaves of the 
same kind. The wonder is, that so much latitude is allowed 
in this respect, and yet the specific characteristics of each kind 
are so thoroughly preserved. We can readily see that if a 
pattern, definite in all its details, were to be copied exactly in 
each kind of vegetable and animal form, the distinctions between 
them could be more easily preserved. But Omnipotence is 
able to combine a wide latitude and variety of form in each 
kind, with a strict and uniform preservation of its characteristic 
contour and arrangement. We have a striking exemplification 
oMhe above remarks in the variety of the human countenance. 
While the face of man is so entirely different from the face of 
every other animal, at the same time, among the hundreds of 
millions of the himian familv, how uncommon it is to find two 
&ces that are very nearly alike. 

21. In the animal world, we see remarkable examples of the 
preservation of regularity of form in the exact correspondence 
which exists so commonly between the two halves of the body. 
For example, the brain has two halves, which are precisely alike, 
and the same is true of the nerves which are distributed from 
it. And so of other parts. But, mingled with this symmetri- 
cal arrangement of parts, there are other parts which are irreg- 
ular in their shape. This is the case with the stomach, the 
heart, the liver, <fec. There are some animals which are alto- 
gether destitute of this arrangement of two similar halves of 
the body. The oyster is a familiar example. The shell of this 
animal is strikingly in contrast, in this respect, vnth the«ehells 
of some other of lie bivalve tribe, as, for instance, the common 
clam. 

22. There is a distinction between organized and unorganized 
substances, in regard to size, which must not pass unnoticed in 
this connection. The size of unorganized bodies has no fixed 
limit. A crystal or a rock may grow to any imaginable size. 
If the particles forming it are sufficiently abundant. But or- 
ganized bodies have limits fixed to their growth. There is, it 
is true, more or less latitude to these limits ; but they are so 
well defined in the case of most vegetables and animals, that 
when growth reaches much beyond or below the limit, it is 
recognized as a remarkable fact. Gigantic and dwarfish vari- 
ties are rare exceptions to the general rule. 

23. The last distinction, between organized and unorganized 
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substances, which I shall mention relates to their structure. 
While unorganized substances are made of one form of matter, 
either solid or liquid, or gaseous, organized bodies are made of 
a mixture of fluids and solids. They are therefore more or less 
soft and flexible; while the solid, unorganized substances are 
hard and brittle. There is a still further difference in struc- 
ture. Organized substances are' much more compound than 
thei unorganized. Most of the unorganized substances are 
composed of only two or three elements. Thus, air is com- 
posed of oxygen and nitrogen, water of oxygen and hydro- 
gen; and most of the mineral salts are composed of three 
elements — as, for example, carbonate of lime, or chalk, which 
is composed of oxygen, carbon, and calcium, the mineral baee 
of lime. But organized substances are composed of at least 
three or four elements, and sometimes more. The four princi- 
pal elements in the composition of organized bodies are, oxygen, ' 
nitrogen, hydrogen, and carbon. But there are other elements 
introduced for special purposes. Thus, carbonate of lime (a 
combination of calcium with two of the common elements, 
carbon and oxygen,) is diffused very generally throughout the 
textures of plants, giving them firmness and strength. In the 
grass tribe, silex is deposited under the surface, producing the 
necessary combination of strength and lightness, a very small 
quantity of the silex answering the purpose. In animals of 
the higher orders, phosphate and carbonate of lime compose in 
part the framework of the body. We find iron, too, in the 
blood. Of the fifty-four elementary substances discovered in 
mineral bodies, only eighteen or nineteen have been found in 
plants, and animals, and some of these in very small amounts. 
The essential components of living substances are the four non- 
metallic elements mentioned above — oxygen, hydrogen, nitro- 
gen, and carbon; while the bulk of the inorganic world is 
composed of the metals and their compounds, viz., the alkalies 
and the earths. And it is interesting to observe that, of the 
four elements which compose the bulk of the animal and vege- 
table world, both the fluids and the solids, three are gaseous, 
while but ane, carbon, is a solid substance. 
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CHAPTER II. 

THE DISTINCTIONS BETWEEN ANDfALS AND PLANTS 

24. Having pointed out in the first chapter the distinctions 
between organized and unorganized substances, I now proceed 
to consider the distinctions between the two classes of organ- 
ized beings — animals and vegetables. I shall first notice t£ose 
differences which are obvious when we look at the great major- 
ity of animals and vegetables ; and shall then point out those 
which are essential^ in order that we may have a clearer view of 
those exceptional cases, in regard to which it is somewhat 
difficult to decide to which of the two kingdoms they belong. 

26. One of the most obvious distinctions is in relation to 
locomotion. The plant remains in one place ; while the animal 
moves about, in the air, or in the water, or upon the surface of 
the earth. And the structures of the animal and the plant of 
course differ, so as to accommodate these two very different 
modes of existence. I will particularize. As the animal moves 
fi*om place to place, it must, for this reason, if for no other, 
have an apparatus of nourishment and growth different from 
that of the plant. The plant, by means of its absorbents in 
the roots, takes up from the earth, in the form of sap, its nutri- 
tion, or food, as it may very properly be called. The moving 
about of the animal would in itself forbid its deriving its food 
directly from the earth, even if the earth contained the proper 
materials for its nourishment. Another contrivance must 
therefore be resorted to, in order to effect nutrition in its ca»c. 
So a cavity is provided in its body, called a stomach, into 
which nutritious substances can be introduced. And this cav- 
ity is lined with absorbents, which there do for the animal 
just what the absorbents in the roots of the plant do for the 
plant. 

26. Besides the stomach, there are other great central or- 
gans which are peculiar to most animals, in distinction from 
vegetables — as the heart, the liver, the lungs, <fec. In the 
plant, there are no such central organs upon whicli the whole 
plant depends. Branches and roots may be cut off extensively, 
and even a large portion of the stem or trunk may be des- 
troyed ; and yet what remains of the plant may still live. And 
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even more than this. A small portion of it may be made to 
late root and live by ilsell'. It is not so with most animals. 
Mutilation can not be carried far without injuring aomrflarge 
organ which is essential to the life of the whole ; and no part 
taken from its estremitjes can be made in any way to Hto by 
itsell'. I 

27. Another obvious distinction is this. Animals are settii 
tient and ipotilaneously-moving beings, while vegetables are -aaw 
The animal feels the action of agents upon it, and this It can 
not do without consciousness and thought. The evidences of the 
esiatence of consciousness and thought, and the consequent spon- 
taneous motion, are very shght in some animals. Still, there is no 
doubt of their existence in these eases. We see these evidences 
plainly in the great majority of animals ; and we infer, very 
properly, the eMsWnce of sensation and thought in those eicep- 
tional cases, where the evidences are doubtful or absent, as we 
find in them other marks of animal in distinction fi'om vege- 
table life, 

28, The diatinctlona which I have mentioned are those which 
we see generally existing. Let us see how far they are essential 
and univemal. 

20. The distinction in regard to locomotion, if we look at 
the animal as a whole, has its exceptions. There are some 
animals that are entirely conSned to one spot during all their 
existence, as the coral animal and the sponge. But, while 
w>me animals are thus confined, they have the power of spon- 
taneous notion in some of their parts, which is exercised for 
the purpose of obtaining food, and, in some cases, for the 
avoidance of danger. This power is not possessed by any plant 
Some few plants, as the sensitive plant and the Venus catcb-6y, 
(dionsea muscipula,) exhibit a property which resembles it, but 
it is essentially a different thing. In these cases, the influence 
of (he stimulus that e;tcit09 the motion is communicated from 
particle to particle, from the point where the stimulus is ap- 
plied; and the motion is only in one direction, and not in 
various directions, as is the case with spontaneous animal mo- 
tions. This can be very readily seen, if we compare the motion 
of the sensitive plant or tiie catch-fiywitb those of the little fresh- 
water polype, called the Hydra, This animal, of which I givo 
yoa here an enlarged representation, and also a representation 
of its natural size, is found in ponds. It attaches itself toany 
floating object — a sticlc or straw, aa seen in the Figure — by ft 
L tliul of sucker. Thus supporting itself, it stretches out its 1< 
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STina, to tote for its fixid acy 
minute worm or insect whicli 
may float within their reach. 
When it cntches one, it Uirecta 
It to the mouth, a, which opens 
into the stomach or general cav- 
ity, Kow, in doing all this, 
then ie a Toriety, a compound 
oliiiract«r in the motion, which 
is in plain contrast with the 
Bimple motion of the leaves of 
the catoh-fly and the sensitire 

30. The distinction, \a rela- 
tion to a digestive cavity, can 
not be made out in the case of 
Bonie of tlie lower animals. And, 
if it could be, it is not an eswn- 
(mZ distinction. For it only 
relates to a mere difference of btiiba. 

arran^ment in tlie absorbents 

that tafce up the nutritious substance in the two oasea. The 
sbaorbentA m the stomach of the animal, as before remarked, 
perform the same office that the absorbents do in the root of 
the plant. Tliey only do it in a different place, and after a 
diSerent manner. The snino remarks, sutstantjally, can be 
made in regard to the otter large central organs which are 
found in most animals. 

81. The last of the distinctions, which I mentioned as being 
commonly observed, is really the essential distinction between 
plants and animals. I mean the capacity for sensation and 
spontaneous motion, which exists only in the animal. There 
is nothing truly* analogous to tiiis in the plant And we, ac- 
cordingly, find a peculiar structure in animals, devoted to these 
fiinotionB, and others connected with them. This structure ta 
the nervous system. No trace of such a structure has ever 
been discovered in any plant If there were any true analogy 
between animal motion and the motions of the senaitivo plant 
ftud the catch-fly, we should be able to find in them traces of ner- 
vous fitruoture ; for the structure of these plants is so plainly 
dereloped, that its constituent parts are easily distinguished, 

32. The nervous system is evidently not essential io nutri 
tion, for this is as well effected in the plant as in the animal. 
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Th-ughl snr) will, lntlinclivs tad nulomEiKc mdtiani. 

This is accomplished in both in substantially t!ie same 
The means by which it is done, and iU arrangements are modi 
fied, as you have seen, in the two cases, to suit the difiennfi 
circumataocea. The nervoua aystem, obaeire, then, is, for par- 
ticular purposes, superadded in the animal to what k common 
both to the animal and the plant, and so constitutes the essemi 
tial difierence between them. And so, all the functions relatii 
to nutrition, which are of course common to plants and 
are called fimctiona of organic life. But the functions which 
are performed by the system superadded in the animal, the 
chief of which are sensation and spontaneous motion, are 
termed fiinctioDS of animal Kfe. These are Hometimes aUo 
called fimctions of relation, from the especial connection which 
they flirm between the animal and all that is around him. 

33. These animal junctions, eensation and spontaneous mo- 
tion, imply thought and will. The order of action is this; 
sensation — tiought in regard to it — action of the will ■- — ■ 
sequence of thought — then, from this action, an imj 
carried through nerves to organs termed muscles — motion 
tliem from Uieir contraction. This order, however, is not 
always observed. The first link, sensation, may be absent. 
Thought, without any preceding sensation, may prompt the 
will, and spontaneous motion results. The action of the will, 
too, may be left out, or may be in opposition. Thus, emotioDH 
may produce action of the muscles, the will not 
and perhaps opposing; as when we laugh at what is ridiculoiS| 
or weep al. what is sad, in spite of restraining efforts diotateqj 
by the will. 

34. There are also instinctive motions, and motions whii 
are termod automatic, with which the will has no direct 
nection. And the connection of senaatioa with them ia, 
some cases at least, doubtful. The action of. the muscles, in 
Bwallowing, breathing, &G^ and the action of that compound 
muscle, the heart, are examples of motions more or less dis- 
connected from the will, and also from sensation. The action 
of the heart is wholly removed from the direct influence of the 
will, and it is at least not obvious that it is influenced directly 
by senaatioa. It is influenced indirectly by both, through the 
agency of emotions awakened by them. The muscles of breath- 
ing, oQ the other hand, though ordinarily involuntary, may be 
directly influenced both by the will itnd by sensation. You 

n at will breathe faster and more deeply, and sensatioDB of 
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85. For all these diflferent actions, thus produced in different 
ways, there are central parts of the nervous system upon T^hich 
the causes of these actions produce the impressions or impulses 
from which the actions result Thus, when a sensation is fol- 
lowed by a spontaneous action of muscles, an impression is 
conveyed by nerves to the central organ ; the will there acts, 
and the impulse there given by this action of the will is car- 
ried by other nerves to the muscles, which execute the intended 
movement. 

36. These central parts or organs, which are the media, the 
instruments of impressions, are in different parts of the body 
of the animal; but the most important of them is what we 
call the brain. This part is developed most in those animals 
that give the greatest evidences of intelligence ; and, therefore, 
it is more prominent in man than in any other animal. 

37. It may be remarked, as a general truth, that the nervous 
system, and its associate or subordinate sjrstem, the muscular, 
are developed in different degrees or forms, to suit the different 
characters and wants of animals. In man, they are more* com- 
plex and perfect than in any other animal. The brain, in him, is 
a large organ, occupying the skull. The spinal marrow, and 
other central parts, and the nerves, are largely developed. And 
the muscles which are moved by this nervous system form a 
*large portion of the bulk of the body. The organs of nutrition, 
analogous to those which make up nearly the whole of the 
plant, occupy the two cavities of the trunk of the body, the 
thoracic and the abdominal. But, as we descend in the animal 
kingdom, the nervous system becomes continually less promi- 
nent, and the system of mere nutrition more so. We at length 
come to animals, in which the nervous system is a mere small 
i^pendage to the system of nutrition, and. only serves to direct 
the muscles in securing the food of the animal. In some of 
theae, we not only do not find a brain, but we fail to discover 
aaiy traces of a nervous system. This is true of the Hydra, 
iM/ticed in § 29. 

38. The nervous sjrstem, which so clearly distinguishes most 
animals from all plants, is fairly presumed to exist, though in 
an exceedingly slight degree, in tiiose beings in which it can 
not be found, but in which we find other characteristics of the 
animal kingdom. And it is presimied, also, that the exercise 
of thought and the action of the will, which most animals so 
plainly exhibit, while they become less and less obvious ai we 
descend in the scale, are not wholly obliterated in the v^rv 
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No Dervous system in some animals ; yet feeliftg and thought. 

lowest animals. It may, perhaps, be said, that as musculai 
action, as mentioned in § 34, is sometimes produced even in 
man without the intervention of thought or the will, it may be 
produced in animals of the lowest order altogether in this way. 
But we may more rationally infer that, as 3ie chief object of 
motion in them is the securing of food, it is guided by the 
action of a will in obedience to their sensations. In other 
words, it is truly a spontaneous, and not a mere automatic mo- 
tion. And it is probable that there is in the very lowest of 
animals some degree, though it may indeed be slight, of enjoy- 
ment in the sensations received from the moving water about 
it, and from the satisfying of its wants in the process of nutri- 
tion. We will take the Hydra, a representation of which is 
given in Fig. 1, page 23, as an illustration of the above remailcs. 
It is a minute gelatinous animal, in which no nervous or mus- 
cular fibres can be found. And yet it has an extraordinary 
power of extending and contracting itself. When it is alarmed, 
it draws in its arms, and shrinks into the form of a little glob- 
ule ; ,and if you should see it in this condition, you would not 
suspect that it had any arms or tentacula. But when it is 
searching for food, it often extends its body and its arms to a 
great length ; and when it grasps its prey, it puts it into its 
stomach, which constitutes, so far as we can see, its whole 
body. We can not conceive of all these motions, thus exe- 
cuted to effect certain definite objects, without the agency of a 
will, and without sensations to prompt the will and guide the 
motions. The animal must have a power of choice, or it would 
put a bit of stick or straw into its stomach as readily as a 
worm or an insect. But the tentacula never grasp, among the 
various bits of things which float against them, any thing be- 
side the appropriate food of the animal. And it undoubtedly 
enjoys its food as really, though perhaps not as vividly, as any 
human epicure ; and has in some measure the same pleasur- 
able sensations which locomotion produces in us, as it floats 
along so quietly, with its arms hanging down from its body. 
Though there be no- nervous fibres to be seen in the loose gela- 
tinous structure of this little creature, yet, as the phenomena 
which it exhibits are known to be produced by the nervous 
system in those animals whose structure is more p^inly and 
thoroughly developed, we justly infer that there must be 
nervous matter, in some form, in this and other similar ani- 
mals. *« 

39. One more important distinction between animals &nd 
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plants remains to be noticed. It relates to their chemical com- 
position. I stated, in § 23, that organized substances are com- 
posed mostly of four elements — oxygen, hydrogen, nitrogen, and 
carbon. Plants differ from animals, in having but little nitro- 
gen in their composition. It was formerly supposed that they 
contained none of this element. It is found only in particular 
parts of plants, as the seeds. We may regard carbon as the 
most characteristic constituent of vegetables, and "nitrogen of 
animals. And in this connection it is interesting to observe 
that, while carbon is largely thrown off from the lungs of ani- 
mals, in the shape of carbonic-acid gas, it is as largely absorbed 
by the leaves of plants. Of this tact I shall take more par- 
ticular notice when I come to the subject of respiration. 



CHAPTER III. 

MAN IN HIS RELATIONS TO THE THEEE KINGDOMS OF NATURE. 

40. Man is commonly spoken of as being at the head of the 
animal kingdom, and in the book of the naturalist is made an 
order of the class termed Mammalia. As the basis of the 
whole classification is mere material organization, and has no 
reference at all to mental or spiritual endowments, the classifica- 
tion, in regard to man, is in its principle correct. At the same 
time, it must be admitted, that it fails to recognize altogether 
the essential distinctions between man and other animals. 
These distinctions, making, as they do, a wide gap — " an im- 
passable chasm," as Professor Guyot expresses it — between man 
and the inferior animals, are to be found in certain peculiar 
spiritual endowments which man possesses. These I will no-= 
tice now in the briefest manner, leaving it for another part of 
this book to treat more fiilly of this and other kindred subjects. 
One of these endowments is the power of abstract reasoning. 
Other animals in a certain sense reason, that is, they make in- 
ferences; but they never arrive at any general or abstract 
truths. Another endowment is a moral one, linking man in his 
spiritual nature to the Deity. It is conscience, or the knowledge 
and sense of what is right, in distinction from what is wTong. 
Other animals, in obedience to the passions of fear and love, 
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sometimes appear to the superficial observer to have an Idea of 
^at is right, as such ; but there is not the slightest evidence 
that they really have any such knowledge. 

41. In view of these endowments of man, it is wrong to 
consider him merely as being at the head of the animal king- 
dom. He is something more than this. He is so much and 
«o distinctly more, that the accepted classification of him, on 
die ground of mere diflference of organization, gives a most 
madequate idea of his true position in the scale of being. It 
/eaves entirely out of view the essential distinctions; and it 
*eparates man from other animals, as you will see, by a distinc- 
tion of organization which is of rather a trivial, perhaps ques- 
tionable, character. 

42. The force of this view of the subject is enhanced, if we 
lake into consideration that great fact, revealed to us by God 
in his Word, that man is destined to immortality. It may be 
objected that, as this fact is learned only by revelation, and. not 
by observation, it is not to be regarded as a scientific fact. 
But, granting that there is truth in the objection, it certainly 
IS allowable to allude to the revelations of Scripture, as con- 
firming or enforcijig views developed by scientific observation. 
This is all that I have done in this case. The view which I 
have presented is based upon endowments that are recognized 
6y the scientific observer, without the aid of revelation ; • and I 
appeal to the revealed fact of man's immortality, as adding 
tbrce to this view, and not as being at all necessary to the 
establishment of its truth. 

43. Let us look at this subject in another point of view, 
rhe grand essential distinction between animals and plants lies, 
as you have seen in the last chapter, in the fact that animals 
fiave a nervous system. Now, with this system, as you have 
also seen, appear certain mental manifestations. These differ 
widely in different animals, and are most prominent in those in 
which this system is most prominent and complicated. As we 
trace upward these complications, when we come to man, we 
find certain mental manifestations, which separate him by " an 
impassable chasm" from all other animals. Till we arrive at 
him, the difference is one of degree^ for the most part. But in 
his case it is a difference of kind, and a very wide one. Of 
such a difference the naturalist should certainly take very dis- 
tinct cognizance ; and, if it be not consistent for him to do so 
in his classification, great force and prominence should be given 
to these views in his instructions on this subject. As the super- 
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adding of the nervous system separates the animal from the 
plant, so, also, as Professor Guyot very justly maintains, the 
superadding of such endowments as we find in man separates 
him, by a diasm qufte as " impassable," from other animals. 

44. The distinction commonly received as the ground of 
classification for man, I have said, is a trivial, perhaps a ques- 
tionable one. He is said to have two hands, and so makes the 
order Bimana ; while apes and monkeys are said to have four 
hands, and are, therefore, considered as making the order 
Quadrumana. Now, if we observe carefully and fiiUy the won- 
derful endowments of the human hand, we shall hardly be 
willing to allow that monkeys and apes have four such mem- 
bers. With a full view of the capabilities of the human hand, 
those members can not be considered as hands, but as members 
possessing some of the properties of both hands and feet 
They are given to these animals to enable them to climb with 
&cility, and to grasp their food ; and they have none of that 
infinite variety of motion, which is so striking a peculiarity of 
the hand of intelligent man. The ground upon which they 
are said to have four hands is that which is thus stated by 
Cuvier. "That which constitutes the hand, properly so called, 
is'the faculty of opposing the thumb to the other fingers, so as 
to seize upon the most minute objects." No animal besides 
man has this arrangement, except the Quadrumana. It is 
claimed, therefore, tSiat they have hands, although they are 
very imperfect when compared with the hand of man. The 
imperfection is indeed so great, as to make us at least reluc- 
tant to admit the claim set up by the' naturalist. "While," 
says Carpenter, " the thumb in the human hand can be brought 
into exact opposition to the extremities of all the fingers, whe- 
ther singly or in combination, in those Quadrumana which most 
nearly approach man, the thumb is so short, and the fingers so 
much elongated, that their tips can scarcely be brought into 
opposition, and the thumb and fingers are so weak, that they 
can never be opposed to each other with any degree of force. 
Hence, although admirably adapted for clinging round bodies 
of a certain size, such as the small branches of trees, <kc., the ex- 
tremities of the Quadrumana can never seize any minute object 
with such precision, nor support large ones with such firmness, 
as are essential to the dexterous performance of operations for 
which the hand is admirably adapted." Indeed, what is called 
the thumb of the Quadrumana is so short and slender, that £us* 
tachius, the anatomist, very properlv said that, regarded as an 
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imitation of the thumb of man, it is a ridiculous affair. It 
then, we take into view the extensive and varied capabilities of 
the human hand, we must agree with Sir Charles Bell, when 
he says that " we ought to define the hand as belonging exclu- 
sively to man." This view of the subject has always impressed 
itself upon the minds of acute observers in all ages. Aiistotie 
said, that man* alone possesses hands deserving of tiie name. 
Anaxagoras said, that " man is the wisest of animals, because 
he possesses hands." And tiie opinion, thus uttered by these 
philosophers some centuries before the Christian era, is fully 
echoed at the present time. 

45. It would seem, then, that, if mere organization be ad- 
hered to, as the basis of classification, it is desirable that some 
ground of distinction in relation to man be fixed upon, which 
is more definite than the commonly received one. It is to be 
remembered, however, that, in classification, some one very ob- 
vious peculiarity that presents itself to the eye is ordinarily 
made use of as a mark of distinction, while accurate and full 
discriminations are followed out entirely separately from the 
mere classification. This is done in the case of man. His 
structure differs in many respects from that of the inferior ani- 
mals. It would make this chapter too long to point out Ml 
the difierences. Some of them are important, while others are 
not. As an example of the latter, I will mention the fact, that 
no animal but man has a chin. Every other animal has its 
lower jaw retreating from the teeth, instead of projecting for- 
ward below, as in man. One of the most important and strik- 
ing peculiarities of man's structure is that general arrangement 
which enables him to be in the erect 'posture. No other animal 
naturally assumes this posture, or is able to maintain it for any 
length of time ; and most animals assume one which is en- 
tirely the opposite of this. Even the monkey, when taught by 
man to stand and walk, is by no means erect ; but his lower 
limbs are crooked, and the moment that he escapes the neces- 
sity of being an imitator, he is on all fours. There is a distinc- 
tion of an interesting character, which concerns both the ner- 
vous and muscular systems. I refer to the fact, that no animal 
but man can shed tears, or perform those muscular motions 
which are necessary to the acts of weeping and laughing. In 
view of this marked distinction, man has sometimes been desig- 
nated as " a laughing and crying animal." 

46. But the great essential distinctions, to which all the rest 
are really tributary, are, as I have before stated, of a mental oi 
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Bpiritual character. And these should always be made peculi- 
arly prominent, whenever the distinctions between man and 
the inferior animals are treated of by the naturalist. This 
should be done, not only because they are essential, but also 
because, as I have just hinted, all other distinctions are subor- 
dinate and tributary to them. It is the mental peculiarities of 
man, for the most part at least, that render necessary those 
peculiarities which distinguish his organization from that of 
other animals. I will not dwell on this point, as I shall speak 
of it in another part of this book. 

47. In view of this whole subject, it may be said, that the 
classification upon which I have commented is not of itself of 
very great importance, provided that the definite distinctions, 
which have been pointed out as existing between man and 
other animals, be clearly recognized by the naturalist. The 
tendency, however, evidently is, to lose sight of these distinc- 
tions in the exclusive regard which is paid to mere material 
organization. This tendency, it is true, is effectually counter- 
acted in the case of the great majority of scientific men, by 
the comprehensive and Christian views which they take of the 
whole subject ; but, still, it manifestly exists, and gives rise to 
many sceptical notions, especially in superficial and theorizing 
observers. Great care, then, should be taken to oppose this 
tendency in all public teaching on this subject, whether it be 
done by books or lectures. 

48. There is a disposition, on the part of some writers, to 
obliterate the grand distinction between man and the inferior 
animals, and other distinctions which are stamped by the Cre- 
ator upon his works. Some go so far as to maintain, that there 
is not only no line to be drawn between the animal and the 
vegetable kingdoms, but none even between organized and un- 
organized substances. Robinet, and many other. European 
authors, teach that all matter has living properties, and that 
every object that we see, whether mineral, vegetable, or animal, 
is the result of repeated and progressive efforts of nature. The 
ultimate aim of these efforts is considered to be the formation 
of man, who is looked upon as the perfection of organization 
evolved by these efforts. In advocating this theory, they make 
great use of resemblances and analogies, and even represent 
the fantastic shapes which minerals sometimes assume, fi'om 
their slight resemblance to parts of the human body, " as so 
many proofs," in the language of Carpenter, " of this long and 
bungling apprenticeship of nature to man-making." Although 
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BDch ridiculous doctrines are seldom fonnally advanced, there ii 
ft diepoeition in many scientific men to indulge in specoIatioiiB 
whicn have more or loss rcaemblance to them. They auem dia- 
posed to contuse with the veil of mystic scepticism Uie clear 
characters which God has imprinted upon the maniitatation« 
of his power. It JH well, therefore, to fix these cnaractera 
dofinilely in the mind, in order to guard against the la«dtiatiiig 
and bewildering speculations of a false science. A true science, 
forsaldng the mazes of speculation, and inquiring only for iha 
facta, reads with admiration and reverence Uie clear lines of 
God's handiwork, andattribntes to no imaginary agency, termed 
Nature, what bears the marks of esquisite design and Ahnigh^ 
power. 

49. An idea, somewhat akin to that of Kobinet, la sometimea J 
entertained, viz., that the varieties in the mineral, vegetable, J 
and animal kingdoms are mere gradations in nature. Them 
would be some plausibility in this notion if it were difficult to 
distinguish the minerals of tlie most perfect kind fi'om the lowest 
plant, and then the plants of the highest order from the lowest 
animal. But the difficulty ties in other quarters. The most per- 
fect in the three kingdoms are distinguished from each other in 
the most marked manner ; and it is only when the charaoteir- 
istic qualities are the least developed that there is any difficulty. 
One kingdom is a no more perfect formation than another. 
The {iryatal, with its exact lines aiid angles — the plant, with 
its curvilinear and less definite shapes — and the syiumetrioal 
animal, are equally perfect in their kind. Each is made for 

a defiuitfl purpose, and is perfectly adapted to that purpose. 
In none is there any imperfection which could be Temod)«a by 
endowjnents taken from another kingdom of nature. In the 
vast variety of forms which nature presents, there is to he seen 
no vais etni^Iiug all«r a higher and better state. There ie na 
progressiveness, aiming at an ideal perfection. Neither are thera 
gradations leading to it All the works of the Creator are per- 
leotly adapted to the spheres which they fill. They were all, 
from "man, made in His image," down lo the humblest ani- 
mal or plant, pronounced to bo "very good," as they came 
from His hand. 

50, Let me not be understood t« say that there are no gra. 
dations in nature. There are some of a very interesting ehai^ 
iKit«r; but they do not obey any such laws aa those whtuh are 
indicated by Eobinet and other fanciful theorizers. There are 
gradations in both the animal and vegetable world. You ob' 
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Berve them as you go from the simplest plant up to the most 
complicated. And so of animals. But these two kingdoms 
of nature are separate in their gradations, and are not in one 
series together, as is represented by Robinet. And the grada- 
tion in each kingdom is by no means an unbroken and regular 
one, going up, step by step, from the lowest to the highest.' 
For example, in the anim^ kingdom, there are not constant 
and regular additions made, as you trace the gradations up- 
ward. And 'though man stands at the top of the series, it is 
not as a compound, made up of all the excellencies found 
below him, with additional excellencies peculiar to himself. 
Superior as he is, as a whole, to all other animals, yet in some 
respects he is inferior to many of them. He is inferior to them 
in the wonderful capabilities of instinct. Some animals can do 
some things better than he can. The monkey is a better 
climber. Some animals can do what he can not. Birds and 
winged insects fly, but he can not. These points could 1| 
illustrated to any extent, but this will suffice. 

51. Man is often spoken of as being the most 'perfect of ani 
mals. This, as you will see from what was said in a previous 
paragraph, is not true in the strict sense of the word. His 
organization is more complicated, and he has more and higher 
endowments than any other animal ; but the perfection of struc- 
ture, and of adaptation in contrivance to the purposes aimed 
at, is as manifest in all the varieties of animals as it is in 
man. 

52. In one respect, there is a gradation existing through tho 
three kingdoms of 'nature. It is in regard to formation or nu- 
trition. All the elements which are found in the composition 
of animals exist in the mineral world. But these elements, 
with very few exceptions, can not be transmitted directly to 
animals, but they are transmitted indirectly through vegeta- 
bles. No animal, therefore, can live on mineral substances, 
although these substances contain all the elements found in its 
composition. But vegetables draw their nutriment from the 
mineral world, and then frirnish nutriment to animals. There 
is, therefore, in relation to formation, a gradation running 
through the three kingdoms, from the mineral up to the ani- 
mal. 

63. At the summit of the last step in this gradation stands 
man. To hira, not only is the animal kingdom tributary, but 
BO, also, are tlie mineral and vegetable kingdoms. They are all 
msde for him, to beautify and gladden this his temporary home, 
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and to sustain liim in it. The subjection of them to him was 
undoubtedly perfect in his primeval condition of innocence in 
the garden of Eden. But now, we see this tributary subjection 
maaifested only as a general fact, with many exceptions. These 
mark this life as the imperfect state, and this world as the 
temporary home of man, in which he can prepare himself 
for uhe perfect and everduring state and home oi another lifa 
bevx^nd. 



PART SECOND. 



CONTAINING, 

CRiPTES IV.— OxmnAi. Vixws or PHTsioiiOOT, with a Brikt Agcouitt or som or rn* 
Bravannuu vt m Bopt. CHAPTER V.— Dioasnoir. CHAPTER VI.— Cirroimtion 
CHAPTER VIL-Rhpuiation. CHAPTER VIII.-Formatiow and Rbpaib. CHAP'JER 
IX.— Cbll Lirm. 



CHAPTER IV. 



GENERAL VIEWS OF PHYSIOLOGY, WITH A BRIEF ACCOUNT OF SOME 

OF THE STRUCTURES IN THE BODY. 

64. The contents of the previous chapters are preliminary 
to the consideration of the real subject of this work, the Physi- 
ology of Man. But they were necessary, in order to accomplish 
a very prominent object which I have in view. It is my wish 
that the student, as he examines the functions of the human 
system, should at the same time observe the analogies existing 
between man and other living beings, in the processes of life. 
He will, in this way, get an enlarged view of man in his rela- 
tions to the world around him, and will be prompted to observe 
the phenomena of life, in whatever department of nature they 
may be presented to his view. And, in order to promote this 
object effectually, I shall, as I proceed with the development of 
the physiology of man, refer occasionally to the analogous phe- 
nomena in other animals, and also in plants. This will serve 
to fix more definitely in the mind of the student the main facts 
that are to be communicated, at the same time that the bound- 
aries of his knowledge wiU be extended over fields full of in- 
terest 

65. This is a work on Physiology, and not on Anatomy. 
Physiology treats of the oflSces or functions of the different 
parts of the structure, while Anatomy has regard to the struc- 
ture itself In the following pages, I shall introduce the anat- 
omy of the system only so far as it is necessary to elucidate its 
physiology. 

Before proceeding to an examination of the individual sub- 
jects which will claim our attention, it will be proper to present 
8ome general views of them in their relations as a whole. 
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Natural division of the subject. Interest of the study. 

66. You have seen, in the preliminary chapters, that organ- 
ized living beings have much that is common to them all. This is 
true so far as nutrition is concerned. You have seen that the 
animal grows very much as the plant does, and that the 
arrangements for its growth vary from those of the plant only 
so far as the difference of the source of its nourishment, and of 
the circumstances under which it is obtained, require. The 
grand distinction, as you have seen, between animals and 
vegetables is to be found in the functions belonging to the 
nervous system. These functions are wholly separate from the 
nutritive ftmctions, which animals perform in common with 
plants. 

67. This view of the subject suggests a natural division of 
the physiology of man into two parts, viz., the nutritive func- 
tions, and the animal Ainctions, or those connected with the 
nervous system. In other words, the first division will com- 
prise all those subjects which relate to the building and repair- 
ing of the human structure ; and the second will comprise those 
which relate to the uses for which the structure is made. The 
first class of subjects includes digestion, circulation, respiration, 
formation, and excretion. The second class includes locomotion, 
sensation, the five senses, the voice, instinct, thought, &c. 

68. The student will see at one glance, that a wide range of 
exceedingly interesting subjects opens before him. Contem- 
plated as a mere mechanism, the human system is full of won- 
ders. The principles of common Mechanics, of Hydraulics, of 
Pneumatics, of Optics, of Acoustics, are abundantly illustrated 
in Cie human.body, by contrivances of the most exact and ex- 
quisite adaptation. But this congeries of beautiful mechanisms 
is all regulated by a nervous system, making it, by its minute 
fibriis, to be alive with feeling in every part. Sensation and 
sympathy govern, through the nerves, in a wonderful manner, 
the ever-varying adjustments of all the parts of the complicated 
system. It is not only mechanism, but living mechanism, that 
develops to us its wonders, so numerous and diversified. And 
*\en, when we look at the soul — "that side of our nature 
which is in relation with the Infinite " — cotmected as it is by 
the nerves with every part of this mechanism, the interest of 
the study before us appears exceedingly great, and its variety 
never ending. The study is a peculiar one. It is not the body 
merely that you we to study in these pages ; but it is the body 
and spirit united. The study differs from all others in this 
raspect. In other studies, you look at either matter alone, or 
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spirit ftlone ; but here you look at them both, as brought to- 
gether in mysterious union. 

69. It will be proper, here, to say something in general of 
the structure of the human frame, before proceeding to a par- 
ticular view of individual subjects. I do this in order to a\oid 
a frequent turning aside for explanation, which would not only 
be inconvenient, but would mar the interest of the study. It 
will not be necessary to go into a full description of the nume- 
rous and diverse textures, or tissues, (as they are commonly 
called,) of the body. I will notice only some of the principal 
of them. 

60. From the osseous or bony tissue, the solid part of the 
framework of the body is made. Bone is composed in part 
of animal matter, and in part of mineral. The mineral 
part is mostly phosphate of lime. These two parts of bone 
are in different proportions to each other in the dififerent 
periods of life. The mineral part in the child is about one- 
half of the bone ; in the adult, four-fifths ; and in the old, 
seven-eighths. The b6nes are therefore very brittle in old age, 
while they are somewhat yielding in childhood. The mineral 
and the animal portions of bone can be separated from each 
other. If a bone be put into diluted muriatic acid, the mineral 
part will after a time become united with the acid^ and the 
animal part will be left, having the perfect shape of the bone. 
Thus separated from the mineral part, it is so flexible, that it 
can be tied into a knot without aflecting its shape. On the 
other hand, by subjecting a bone for some time to the action of 
heat, the animal part can be removed, and the mineial part be 
left by itself 

61. The animal part of bone is cartilage, or gristle. This 
part is formed first, constituting a sort of mould, in which the 
bone is to be formed. The mineral matter is gradually depos- 
ited in the cells of the cartilage. In the very young child, you 
can see that this process is not completed, especially if you ob- 
serve tlie bones of the head. The bones are not united to- 
gether, as they are in the adult ; and there is so Httle of mineral 
matter near their edges, that they can be bent with a very 
slight pressure. The proportion of mineral matter which is 
deposited in the cartilaginous bones varies much in different 
animals. Jn many fishes, there is almost none of this deposit, 
the skeleton retaining its cartilaginous character throughout 
life. 

62. Besides the cartilaginous portion of bones, there are car- 

4 
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tilages which are destined to remain so, instead of having 
mineral deposits made in their cells. The ends of the bones 
are tipped with them. They are placed between all the twenty- 
fcur bones of the spinal column. They form the connecting 
links between the breastbone and the ribs. Cartilage consti- 
tutes the body of the outer ear, of the eyelids, and of the 
lower part of the nose. The transparent part of the eye is 
formed of cartilage. This substance is placed wherever firm - 
ness and tenacity are required without hardness. 

63. The bones are united together by ligaments of various 
degrees of strength, according to the necessity of the case. 
They are moved by muscles, which, in man, are bundles of 
reddish fibres. Muscular substance is what is commonly called 
the meat in animals. It is of various colors in difierent ani- 
mals, or in the same animal at difierent periods of life. All 
motion in animals is produced by muscles. I will not go into 
an explanation of their action now, any further than to say, 
that they act by contracting or sh'sartening their fibres. Com- 
monly there are tendons united with the muscles. These ten- 
dons are composed of strong white fibres, and have no power 
of contraction themselves. They serve merely as tne cords 
by which the contracting muscles move the bones and other 
parts. 

64. The most common tissue in the body is what is called 
by the names, cellular membrane, cellular tissue, and areolar 
tissue. This last name is most commonly used by physiologists 
at the present time. The word areolar comes from the Latin 
word areola, meaning a small open space. The term is appro- 
priate, because this tissue is filled with minute spaces or cells. 
The word cellular is quite as appropriate ; and, as this will be 
moi^ familiar to you, I shall make use of it whenever I shall 
have occasion to speak of this tissue. That you may under- 
stjand what this tissue is, I will refer you to its appearance as 
you see it in difierent meats. It is the delicate white substance 
that you see between the different layers of muscle in a piece 
of meat If you notice particularly, you will see that it is 
also between all the different fibres of the muscles. As the 
spaces or cells communicate together, butchers sometimes " blow 
up " this tissue in veal, in order to make the meat look more 
plump. This tissue is the universal packing material of the 
body. It is to be found almost everywhere. It surrounds 
every thing, — vessels, nerves, muscles, organs, &c. It enters 
into their composition, uniting together different tissues, and 
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i tisane. It yariea much in its com- ■ 
pactness m dilierent parts. It is very fine sod compfict where 
it is necesaary that it should be so ; while in other eases it is 
loose and delicate, allowing a free motion of the parts which it 
envelops and connects togetbef. It is abundant STil loose 
among the muscles, and between them and the skm. Fig. 2 
represents a portion of cellu- 
lar tissue, inflated and dried, na. a. 
exhibiting the arrangement 
of its larger meshea. This 
if m^^ifled twenty diame- 
ters. The free communica- 
tion which eiiata between 
the inteisticea or cells in this 
toBsna is eiemphfied in drop- 
sy. These cells are bathed, 
in the healthy state, with a 
small amount of a watery 
fluid; and when this in- 
creases largely, forming the 
disease termed dropsy, it 
obeys the force of gravity in 
the cells, and accumulates 
most in the lowest parts oi 
the lower extremities. This 
tissue is very elastic in health, 
so that if yon press on the 

skin, there is no indentation left when the pressure is taken 
away, for the elastic cellular tissue at once nses ft'om its state 
of compression, pushing the skin before it. But in dropsy it 
loses its elaatieity by over dislansion ; therefore there is pitting, 
as It is termed, after removing the pressure. We sometimes 
have an opportunity of seeing the communication between the 
cells manifested by the introduction of dr into them. This has 
occurred in some oases in which an opening' has beea made, by 
diseue or accident, from the air tubes in the langs into the cel- 
lular tissue in the walls of the chest. The whole body has 
been seen largely swollen. Jrom the air which has from this 
zause accumulated in this tissue directly under the skin. 
AmoDg the many tricks of impostors, the inflation of the cel- 
lular tissue of the bead has b^ practised ; and as it produces 
a frightful appearance, and therefore ezdtea pity, the trick is a 
very eucoessnil one. 
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Depoiita of fat. Its luet. How kept in its celli. Mucous tiwue. 

65. There are here and there in the cellular tissue depositi 
of fat. Various purposes are answered by these deposits. They 
are sometimes of use in promoting a free motion of the adja- 
cent parts. The eye has, intervening between it and the bony 
socket, a cushion of fat, on which it rests, and against which 
it is pressed when any violence is offered to it. Fat, as a non- 
conductor, is a protection against the cold, and it is therefore 
deposited largely in the cellular tissue under the skin, in ani- 
mals that inhabit cold climates. Fat, also, sometimes serves as 
nourishment to the system when its necessities require it. In 
diseases in which food cannot be taken in any amount, the 
fat is absorbed into the system. The heat of the body is 
maintained also, in part, by this process. This occurs in the 
torpid condition of hybemating animals. They commonly be- 
come very fat in autumn, as a preparation for the winter, and 
in the spring they come forth very lean, their store of fet having 
been used up for the purposes of nutrition and heat during 
their confinement. The fat thus deposited in the cellular mem- 
brane or tissue is not diffused merely in the interstices, but it is 
confined in cells of its own, which lie in these interstices. Mi- 
nute blood-vessels pass from the fibres of the cellular tissue to 
these fat cells. The fat, which is an oily fluid, is kept from 
oozing through the pores of the cells that hold it by the blood, 
which is very nearly four-fifths water, and by the watery fluid 
which I have spoken of as bathing all the interstices of the 
cellular tissue ; for oil, you know, will not pass through any 
porous substance that is wet with any watery fluid. If a por- 
tion of cellular membrane containing fat be dried, the fat, which 
in the moist state is wholly confined to its cells, now> oozes 
through their pores. This is the reason that a lump of fat, as 
it is called, feels so oily after it has been exposed for a while to 
the air. 

66. The mucous tissue is that which lines all the cavities of 
the body that have outlets. It lines the mouth and the cavities 
of the nose, and descends into the lungs, the stomach, &c It 
takes its name from the fluid called mucus^ which is constantly 
secreted by innumerable minute glands, that are situated in the 
substance of this membrane. The chief object of this viscid 
fluid is to protect the membrane from the substances which 
come in contact with it, which would otherwise produce some 
irritation. This membrane is continuous with the skin, shading 
off into it insensibly, as you may observe on the lips. 

67. The serous tissue or membrane forms the outer cuAt or 
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Seioiu membranes. Compound character of the organi. 

lining of nearly all those organs the inner coat of which is mu- 
coas membrane. This is the case with the lungs, the stomach, 
and the intestines. The serous membranes are white, smooth, 
and shining, and are lubricated . with a watery fluid, called 
serum, E^rery serous membrane forms a cavity or sac without 
an outlet, differing in this respect entirely from the mucous 
membranes. Thus, in the case of the lungs, the seroU^ mem- 
brane lining the outside of each of these organs passes from 
the lungs to the walls of the chest, lining the inside of them, 
and thus makes a sac without an outlet for each lung. This 
sac could be dissected off, and taken out whole. When the 
fluid which lubricates the inside of this sac increases to any 
extent, the disease called dropsy in the chest is produced. The 
membrane which thus lines the outside of the lungs and the 
inside of the walls of the chest is called the pleura, and it is the 
seat of the disease termed pleurisy. 

68. I have thus described some of the principal of the tis- 
sues which make up the human structure. The other tissues 
will be spoken of in the proper connection as we proceed. Be- 
fore dismissing this subject, I will call your attention to the fact, 
that the organs of the body are generally composed of several 
tissues united together. Thus, the stomach has three coats, as 
they are termed, — the mucous as the inner coat, the serous as 
the outer, and the muscular between them. And then we have 
the cellular tissue uniting these together. Besides these, there 
are arteries, and veins, and nerves, so that the stomach, which 
looks like a simple pouch, is really quite a composite thing. 
And the same can be said of the other organs. 

69. Before entering upon the particular consideration of the 
functions by which the system is built up and kept in repair, 
it will be well to take a general view of them, that you may 
see them in their connection and mutual dependence. Each 
of these functions has its special and appropriate part to play, 
in effecting the formation and repair of the structure. The 
material from which all parts of the body are formed and 
repaired is the blood. There are organs whose special duty it 
is to make this material ; organs which distribute it ; and or- 
gans which use it after it is distributed. There are also organs 
whose duty it is to receive the blood after it has been used, and 
fit it to be used again. This common building material of the 
body is made out of the food ; and the succession of processes 
by which it is done I will describe in the next chapter. After 
it is made, it is distributed by the comphcated apparatus of the 

4* 
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circulation. This apparatus is therefore the common carrier of the 
building material of the system. It is the numberless little form- 
ative vessels, so small as to be invisible to the naked eye, that 
use the blood thus brought to them, and make and keep in 
repair all the various structures that we see in the body. When 
the blood has been used by these formative vessels, it is not fit 
to be used again until it is submitted to a purifying process by 
exposure to air ; and to this particular object the lungs are de- 
voted. And besides all this, as there are continually some par- 
ticles which, in the wear and tear of the machinery, become 
useless, and even injurious, they must be got rid of in some 
way; and so there are organs for this purpose — organs of 
waste, as they are termed. It is also to be remembered, that 
the processes to which I have now alluded are so carried on, 
that the heat of the body, as will be fully explained hereafter, 
is steadily maintained. In the following chapters of this part, 
I proceed to a particular examination of the functions of which 
I have now given a brief summary. 



CHAPTER V. 

DIGESTION. 



70. I SHALL include, under the terra digestion, all those pro- 
cesses which are necessary to effect the separation from the 
food of its nutritious portion, and the introduction of it into the 
circulation. A summary of these processes may be thus given. 
The food is broken up and ground in the mouth, and it is at 
the same time mixed with the saliva. It is then taken into the 
stomach, where it is kept in constant motion, and is under the 
solvent action of a fluid of a peculiar character. When it is 
brought into the right condition, it is passed from the stomach 
into the intestines. Here it is acted upon by two fluids, the 
bile, the secretion of the liver, and the secretion of another 
gland, the pancreas or sweet-bread. These secretions have 
some agency in separating from the mass its Dutritious portion, 
and this is taken up or absorbed, in the form of a milky fluid, 
by little vessels lying on the surface of the inner membrane of the 
intestine. These vessels unite together to form a large tube, 
and throiigh this the milky fluid is poured into the circulation, 
to replenish the blood. 
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Maitieation. Teeth yarioui, accordinj^ to different kinds of food. 

Having given this summary of the processet which make up 
digestion, I proceed to speak of them more particularly in the 
order of their succession. In doing so, I shall notice some of 
the points in which other animals differ from man, in regard to 
these processes and the arrangements of the apparatus of diges- 
tion. 

71. Mastication is an important part in the process of diges- 
tion. The teeth, which perform this act, are very hard bodies. 
The body of a tooth is composed of two substances. The in- 
ner part is called the ivory, and the outer is called the enamei, 
which is exceedingly hard. The teeth are of different shapes 
for different modes of action. There are long and pointed 
teeth, for tearing; others, for cutting, which have a sharp edge; 
and others, for grinding, having for this purpose a broad and 
irregular surface. The teeth are differently shaped in animals, 
according to the kinds of food which they eat. Thus, the her- 
bivorous, or vegetable-eating animals, have grinding teeth to 
bruise their food ; while the carnivorous, or flesh-eating animals, 
have sharp-edged teeth and long-pointed teeth, by which their 
food is torn and cut in pieces. And it is, to be observed, that 
the movement of the jaws always corresponds with the char- 
acter of the teeth. In the carnivorous animals, the motion of 
the lower jaw upon the upper is a mere up-and-down, or hinge- 
like motion. As they have no grinding teeth, there is no 
need of any lateral or grinding motion. But in the animals 
that have grinding teeth, there is a lateral motion, to enable 
them to grind. You see this difference very plainly, if you ob- 
serve the dog and the horse while they are eating. In Fig. 3, 
you see represented the teeth of a carnivorous animal. The 
front teeth are long and pointed, for rending, while the back 

FIG. 3. 

FIG. 4. 
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Man an omnivorous animal. 

teeth have a sharp edge for cutting. In Fig 4, you see repre- 
sented the broad and irregular grinding surfaces of the teeth of 
herbivorous aninoals. In aninaals that live on insects, the teetk 
present conical points, which press into corresponding depres- 
sions in the opposite jaw, as represented in Fig. 5. In those 
that live on soft fruits, the teeth are rounded, as in Fig. 6. 
These are quite in contrast with the tearing teeth of the carnir- 
orous. and the grinding teeth of the herbivorous. 

FIG & FIG. 8. 
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72. There is an arrangement of the enamel and the ivory in 
the teeth of the herbivorous which ought not to pass unnoticed. 
Instead of having the enamel cover the ivory, as in the teeth 
of the carnivorous, the two substances are arranged in upright 
layers, as seen in Fig. 4. The object of this is plain. The 
ivory wears away faster than the harder enamel, and, therefore, 
the surface of the tooth always presents projecting hard ridges, 
fitting them for grinding thoroughly. A miller would say, that 
these are stones that never need picking. 

73. So perfect is the correspondence of the teeth with the 
kind of food on which the animal lives, that the skillful natural- 
ist can infer very correctly, from the examination of the teeth 
of an animal alone, the character of the food on which it hves, 
and even the general arrangement of its structure. As man 
has the three kinds of teeth which I have noticed, he is said to 
be omnivorous^ or an eater of all kinds of food. In him, the 
front teeth are the cutting ones ; what are called the stomach 
and eye teeth are the tearing ones ; and the large back teeth 
are shaped for grinding. It will be observed that the tearing 
teeth, as they have not a very sharp point, and are no longer 
than the other teeth, have but little power when compared with 
the long and sharp tearing teeth of a carnivorous animal, as 
seen in Fig. 3. As man can make use of instruments to cut 
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Whalei hare no teeth. Substitute for teeth in birds. 

his food in pieces, he does not need such power in his teeth as 
carnivorous animals have. Allowance should be made for this 
in estimating the amount of carnivorous adaptation in man. 

74. There are a few of the Mammalia that have no teeth. 
This is the case with the common whale. In his case, instead 
of teeth, there hang down from the upper jaw, as represented 
in Pig. 7, plates of a fibrous substance, called whalebone, which 
have their fibres separated at their free extremities, so as to 
make a sort of sieve. This is intended to catch the little gela- 
tinous animals, which the whale devours in great numbers. 

no. & FIG. 7. 




WHALE60NB. . SKULL OF WHALB. 

For this purpose, he draws in the water, making it to pass 
through this sieve, and then expels it from the nostrils or blow- 
holes. Birds, too, have no teeth. Their place is supplied 
by a contrivance in the stomach itself, for the breaking up of 
the food. This will be described in another part of this 
chapter. 

75. While the food is cut and ground by the teeth, it is at 
the same time thoroughly moistened by the saliva, which is 
poured forth from certain glands in the neighborhood. There 
are three pairs of these glands. Fig. 9 shows the glands on 
one side. The parotid gland, 1, is the largest. This is situated 
in front of the lower part of the ear. It is the seat of the 
swelling in the disease called mumps. Its duct, 2, passes over 
one large muscle and between the fibres of another, and pours 
its contents into the mouth opposite the second small grinder of 
the upper jaw. If you press on this part of the cheek, you can 




feel in the mouth an increased flow of the saliva, 1 
maxillary glaad, 3, is situated inside of the lower jaw at i1»^ 
lower part ; and its duct, 4, opens into the mouth at the sidfi 
of the fheiium of the tonjfue. The suhlingiial gland, 5, litis 
under the tongue, and discharges ita secretion by a duct at the 
side of that organ. These saliva fiicloriea, as we may term 
them, are in much mora active operation at some timea than 
at others. They are t^Bpeciully active when wa are eatjag ; and 
it is commonly estimated that, during an ordinary meal, about 
eight ounces of sahva are poured into the mouth. This lai^ 
amount ia wanted to moisten the food thoroughly before it is 
Bwullowed ; and it is supposed, also, that it has some chemical 
influence in preparing the food .^r the action of th« gestrio 
juice in the stomach. More saliva than usual is needed, aleOf 
wlien we are speaking, in order to keep the pai-ta properly lulw" 
caU^d, for the passage of the lur in and out during Bpeaki" 
dries up the eallva by evaporation. And, iccordmgly, the a 
lion of the parts at such times stimulatos a larger flow, ji Et 
pressure on the cheek will do it. as before remarked. 1 
result ia favored by the arrangement of tlio duct of the parotiA 
gland, which, as you have seen, passes over one large muscle, ai 
iheu tliToutrh the budy of auollier. Chewing any thing e.'idl 
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an increased flow of the saliva ; and the tobacco chewer does a 
real injury to the salivary glands, by keeping them constantly 
in excessive operation, in addition to the ruinous effects of this 
drug on the system at large. When he eats, these over-worked 
fectories can not turn out as good an article as they should, nor 
will it be in sufficient quantity. 

76. It is supposed that, besides the mere mechanical stimu- 
lus of the motion of the parts, the stimulus of sympathy is also 
concerned in exciting th^e glands to increased action. The 
glands are supposed to be affected in this way by the stimula- 
tion of the food on the surface of the mouth, about the orifices of 
their ducts. That sympathy does have an influence on their 
secretion is evident from the very familiar fact, that the thought 
of food will often, as it is expressed, cause the mouth to water. 

77. The feet, that these glands do not all secrete the same 
kind of fluid, has led to an interesting discovery in relation to 
them. The submaxillary glands secrete rather a viscid fluid, 
while that which is poured forth by the parotid and sublingual 
glands is perfectly limpid. Now, it has been found, by various 
observations and experiments on aj^mals, that while tha teeth 
are cutting and grinding the food, and the parotid and sub- 
lingual glands are pouring out the saliva to moisten it, no secre- 
tion comes from the submaxillaVy glands. But these gland* 
pour out their viscid fluid the moment that the tongue thrust* 
the food back towards the throat, in the beginning of the ac\ 
of swallowing. The special object of this viscid fluid is then tc 
cover the food, so that it may, to use a common expression, slip 
down easily into the stomach ; and it has nothing to do with 
the moistening of the food, this being the particular office of 
the other two pairs of glands. 

78. When the food has been ground by the teeth, and 
moistened by the saliva, it is carried by the act of swallowing 
into the stomach. This act, simple as it appears to you, is a 
very complicated one, and is performed by the conjoined and 
agreeing action of many different muscles. The food is first 
thrust back over the surface of the tongue into the large cavity 
in the back of the throat, called the pharynx. In the pharynx 
are the openings of two tubes — the oesophagus or gullet, which 
is the passageinto the stomach, and the trachea* or windpipe, 
the passage to the lungs. As the oesophagus lies behind the 

* This term is sometimes used, as here, to mean the whole of the tube conducting to 
the lungs, including the larynx, which is at the top of this tube, and sometimes it h 
Mtrictra to that put of the tube which is below the larynx. 



tracbea, the food, in paasiiig to it, must go directly o 

opening into the trachea. To prevent the food from entering 
the trachea, therefore, there is a little tongue-shaped body, 
called the epiglottis, eilending bacit from the root of the tongne, 
and acting as a lid to the glottis, the opening into the trachea. 
When we are swallowing, this lid is shut down ; but it is always 
raised up when we are breathing or speaking. When we swal- 
low, not only does the lid abut down, but the lurytis rises to 
meet the lid, as you may readily perceive, if you place your 
fingers upon what is called Adam's apple while you are swal- 
lowing. With the aid of Figures 10 and 11, ail this will be 
very dear fo you. In Fig, 10, yon have a fide view of tlie 
parts engaged in swallowing, as if the bead were divided into 
two halves by a vertical section. At i, is the cavity of the nos- 
trii; at A, are the lips; a is the divided bone of the chin; 
6 is the tongue, between which and the spina! column, /, is the 
large cavity of the pharynx. In front of this cavity hangs the 




palntft, g, as a door or valve, to direct the air coming from th» 
trmihea, d, either tlirough the mouth or throngli the nosi fils, 
act^ording to its position. The oesophagus, e, is behind the tra- 
chea, and the epiglottis, c, shuts down when we swallow, to let J 



the food pass over it into the 
ceaophagus. In Fig, 11, you 
have a view of the aame parta 
from the rear. At 1, ia a aeo- 
tion of the bones at the base of 
tlie Bkull; S, 3, are the cavitjea 
of the DOfitrils; 2, 2, the walls 
of Uie pharynx epread apart; 5, 
the pendulous palate ; 6, 6, the 
■reh of the palata; 8, the root 
of the tongue; 9, the epiglottis, 
and 10, the glottis, or opening 
into the larynx;' 13, the ceao- 
phttgus; H, the trachea. The 
pharynx, you bqo, is a funnel- 
shaped cavity, tapering down to 
the oesophagus, the opening of 
which is considerably below the 
opening of the trachea. 

79. When the food enters the 
cBrophagus, it is carried through 
that tube into the stomach by the ac- 
tion of muscular fibres. These fibres 
are represented in Fig. 12. The cir- 
cular fibren are seen at a and b. These 
are removed at p, so as to show the 
longitudinal fibres. It ia by the con- 
sent of action between these different 
sets of fibres that the food is propelled 
through the oesophagus. As the food 
descends, a dilatation of the circular 
fibres must everywhere take place 
where the (bod is, and a contraction 
of them iminediatoly behind it — the 
dilatation making the way for it, and 
the contraction forcing it along. And 
in animals that chew the cud, these 
BCtJona must be reversed when the ball 
of Cwd ia forced up through the lesoph- 
agUB into the mouth. 

80. The food being introduced into 
'the stomach, k here subjected to the 
action of the gastric juice. This is a 




peculiar fluid, somewbat acid in its character, which is secreted 
by very minute tbllicles, or bag-lilie cavities, situated in the sub- 
BtADoe of the mucoid membrane. Ordinarily there is none of 
this fluid in the Btoraach when there is so food there. Dr. 
Beaumont made some very interesting obaervationa on this, ni 
well as many other points, in the remarkable case which fell 
under his care. The individual, Aleos St. Martin, received a 
wound in his left side by the hursting of a gun. The wound, 
which opened into the stomach, never entirely dosed, bnt an 
orilice remained, after the healing process had done all that it 
could. Through this orilicc, Dr. Beaumont could look into the 
stomach, and observe what was going on there. He describes 
the iQucouB membrane, in its healthy state, aa having a velvet- 
like appearance, with a pale pink color, and as being covered 
with a very thin, transparent, viscid mucus. On introducing 
some, food, or irritating the mucous membrane mechanically, 
he saw, by the aid of a magnifying glass, "innumerable lucid 
points '' projecting on the surface, and from these there exuded 
a pure, limpid, cworless fluid. These points were the follicles 
which secrete the gastric juice, now rendered turgesceut by 
being stimulated to action. 

81. The amount of gastric juice secreted is generally about 
in proportjcfti to the amount of food which the necessities of the 
Byatem require. When the quantity of food taken ia very 
much more than is required, there can not be a suffideot 
amount of gastric juice secreted to digest all of the food; anc 
some of the food must therefore remain undigested, and will prove 
a source of irritation to the stomach. If the amount of food 
taken from day to day is not very excessive, but is only a little 
above the proper quantity, there will be enough of the gastric 
juice made to digest it ; but the daily overtaxing of the pow- 
ers of the secreting follicles will, after a while, produce derange* 
ment in the etomach, and perhaps permanent disease. 

82. The action of the gastric juice upon tlie food is of a. 
chemical nature. In order that it may act efiectually on all 
portions of the conlenU of the stomach, this organ is kept in 
constant motion by the fibres of its muscular coat. These nbrea 
are so arranged that, as they contract and relax, they keep np 
a sort of churning of the contents, and thus elFect a tborou^ 
mixture of them with the gastiic juice. In Fig. 13, you sea 
these fibres represented. At 1, is the opening of tlie cesopha- 
^s into the stomach ; and at 4, is the part whicli opens into 
the intestine. The fibres are in different layers, running in 
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difierent directions. The outer peritoneal coat, 5, 6, is dioaeded 
off and turned Ijack, shuwiti^Gome of the fibred Uiat run length- 
iiise of the orgao, 6; and some of them Lraiisversf, 7; and 
others, fi, that run obhquely. You can reiidily see what effect 
the contraction of thL-ae different £brea will Lave on the shape 
of tbe stomnch. The contraction of the longitudinal fibres, S, 
'blinga the large, bulging end of the stomach, 2, and the small 
end, 3, nearer together. The transverse fibres, when they con- 
tract, dSminish the capacity of the stomach transversely. And 
the oblique fibres modify the.w two motions by their oblique 
ftctjon. 

83. By the combined chemical and mechanical acticn of the 
Btomach, its contents are, after a little time — in three or four 

lours — reduced to an imiform, greyish, spmi-fluid mass, called 
thi/jne. While this process has been going on, the communi- 
Q between the stomach and the intestines has been entirely 
i by a vulve, called the pylorus. This is represented at fi, 

D Fig. 14, which presents a view of the inside of the stomach. 

rkis valve is made of a fold of both the mucous and ranscular 

joate of the stomach; It is a very faithful sentinel, as is indi- 
Bated by its name, which is derived from two Greek words, eig- 
nifying to guard the gale. It will not ordinarily permit any 
ttadigesled food to pass it. While the prucq^s of digestion i« 
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^ng on, tlie motioca produced by the muscular fibres cams 
tha contents to move about, and of course they are thrown 
af^inst the pylorus, as well as nnv other part of the etomacb. 
But the valve remains closed, until some portion comes against 
it that is thoroughly changed to chyme, and is therefore £t to 
pass OD into the intestine. It then opens to let this pa»s, and 
it does so for any other portions that have become chyme. 
Toward the conclusion of the digestion of a meal, small quao- 
tities pass at first, and after a while, the contents pass quite 
rapidly through the valve. 

84. Although this sentinel -valve thus performs its duty so 
feithfhily in relation to nutritive substances, it seems to let other 
substances pass very readily. Solid substances, swallowed by 
mistake, as buttons, pieces of money, the pita and shins of vari- 
ous fruits, often pass the valve without any trouble. The valve 
seems to be on duty as a sentinel only during the process of 
digestion ; and, if the attempt to go through with this proceas 
prove unavailing, the pylorus, though it let such hard aub- 
stancea as I have mentioned pass witliout difficulty, resists the 
pasange of the iindigi'sted food, sometimes causing much ud- 
eaainess, and even perhaps pain, by so doing. Tn such a case, 
either the valve after a Ume gives over its resistance, or, hold' 
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ing oQti, the sclion of the stomach is reversed, and the o 
matter is thrown off by vomiting, 

85. It b not a httle aniusing to read the difierect theories 
which were formerly broached to esplain the process of diges- 
tion. Some supposed it to be a concoction, heat being, in their 
view, the chief agent; some, a kind of putrefaction ; some, a 
ehemical solatiim ; some, a trituration ; and some, a process 
dependent upon the action of the nerves. Of these various 
theories, the celebrated Hunter playfully remarked: "To ac- 
count for digestion, some have made the stomach a mill ; some 
-would have it to be a stewing-pot, and some, a brewing- trough ; 
jet, all the while, one would have thought that it must have 
Deen very evident that tJie stomach was neither a mill, nor a 
Blewing-pot, nor a brewing-trough, nor any thing but a tliy 
maeh." All these theories are now done with ; and it is pretty 
well asoertained, that digestion is a chemical process — in part a 
Boladon, and in port a fermentation — and that mechanical 
agency is employed only for the purpose of thoroughly enpoeing 
the ibod to the action of the gastric juice. 

66, The process of digestion, as it haa been described, is a 
regular procesa, requiring a certain average period of time for 
its completion. If, during the progress of it, freah food be in- 
troduced, its regulaiity is broken in upon, and the process fails 
to be well done. Then, too, if, immediately after the completion 
of the process, a new supply of food be talien, harm is done, 
'because the organ has not ita needed interval of rest For 
these reasons, the practice of eating between meals is a very 
injurious one. Eating fast does harm, because, — 1st, the food is 
not BufficieDtly ground ; 2d, it is not mixed thoroughly with the 
saliva; and, 3d, more food is taken than would be sufficient to 
tadsf^ the hunger if the individual ate slowly, and, therefore, 
taore tlian can be easily digested. Great variety in food etimu- 
latea the appetite unduly, and too much is consequently eaten. 
Esercise fcialitates digestion, if it be not violent An experi- 
ment was once tried upon two dogs, which was thought to 
wove that exercise hindered digestion. Two dogs were fed 
finely, and while one was left to be still, the other was made to 
tun about violently. Both df>ga were killed after an hour or 
two, aod it was found that, while digestion had gone' on thor- 
oughly in the dog that was allowed to remain quiet, in the 
oUier the food was undigested. This only proved that violent 
«3cercise, taken immediately after eating, impedes digestion. It 
liu been found, on the other hand, that hght eiteroise pro- 




motes the process ; and daily esperieace, araong laborers, a 
Ihat very strong exareise does iiot iatorfcro with it, if a little 
interval of rest be allowed, so that the process maj be fairly 
beguu. 

87. The sensation of hunger has been attributed to vanous 
causes, — as the empty state of the stomach, the presence of the 
gastric juice irritating the mucous membriine, &c. It cannot 
arise fi^m emjitiness ; for, if it were so, it should occur sooner 
than it does after eating, and it should not be absent in dis- 
ease, as it often is for a long time, when the stomach is almost 
entirely empty. It can not arise from the irritation of the gas- 
tric juice ; for it was found by Dr. Beaumont, in hia observa- 
tions of the stomach of Alexis St. Martin, that this fluid is not 
secreted till after food is introduced into the stomach. Tha 
cause of hunger is evidently in the state of the system. It is 
a state of want. Nutriment is needed by the formative vessels, 
thi} builders and repairers of the system, of which I shall speak 
particularly in the chapter ou Formation and Repair. And 
they make their wants known as distinctly as tlie bricklayer 
does, when he calls for more brick and mortar. Through ' 
nerves, an impression is communicated &om these to the 
maoh, and tlie sensation of hunger is the result. That the 
sation is seated there is evident from the fact, that, it can 
temporarily relieved by putting indigestible substances 
stomach. These produce the effect by causing other sensatjons 
there, which take the place, for the time being, of the sensation 
of hunger. After, however, the momentary effect is over, the 
sensatJon of hunger returns again in ita full force. The cause, 
then, of the sensatJon is in the system at large, but its seat is 
in the stomach. Its degree of urgency depends upon this 
general stal« that causes it. If eating be delayed much beyond 
its usual time, or if the system has been exhausted by the "" 
and tear of severe labor, the sensation of hunger is very nr 
So, too, if disease hna impoverished the system, as soon a 
stomach is in a condition to respond to tie oill of the ft 
tivo vessels that set themselves to work to repair the waste, t 
hanger is often excessive. ObseiTe, here, that in order to hi 
the sensation of hunger, not only must there he a wautjl 
the system at lai^e, but the stomach must be in a state fi ' 
to receive the notice of this want Aiidlurtuuately itisse! 
m tliis state except when in a condition to do its work. 
were otherwise, food would often be introduced into it wliej 
iruld not be digested. The stomach is sonietiiiiea incapocitaJ 
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for receiving the notice of the want of the system by mental 
impressions. In this case, an impression is communicated from 
the brain to the stomach, through the nerves, which counteracts 
the impression conveyed from the system to this organ, and so 
ndutralizes the sensation of hunger. Grief thus often destroys 
the appetite for food. One thing more is to be observed in 
relation to hunger. Although this sensation is caused by tlie 
want of the system, it is removed long before the nutriment 
reaches its final destination, and supplies the want How is 
this ? It is either because the new sensations produced in the 
stomach, by the commencing process of digestion, take the 
place of the sensation of hunger, or an impression is sent all 
over the system from the filled stomach, which, so to speak, stills 
the clamor of want with the immediate prospect of a supply. 

88. Nearly the same remarks can be made in relation to 
thirsty that have been made in regard to banger. The seat of 
this sensation is in the fauces or throat. Its cause is evidently 
not there ; for the mouth and throat may be very dry, and yet 
there may be little or no thirst ; while, on the other hand, there 
may be much thirst, although the mouth and throat are moist. 
The cause of the sensation is like the cause of hunger, in the 
systeni at large; and, therefore, no local cause, producing a 
dryness of the throat, can cause thirst independent of a general 
condition. 

89. Before describing the remainder of the process of diges- 
tion, I will call your attention to the arrangement of the sto- 
mach, and the other organs of the abdomen engaged in this 
process, fig. 15 exhibits them as they present themselves in 
a front view, except that they are somewhat separated from 
6ach other, instead of being as closely packed, as they are in the 
abdomen. The large end of the stomach, you see, lies to the 
left side,*^ and at this end is the spleen. The pancreas is be- 
hind the right end of the stomach. Above the stomach, and 
mostly to the right side, is the largest organ in the abdomen, 
the liver. It is represented as turned upward in the Figure. 
The stomach is directly connected with the small intestines at 
the pylorus. At the end of this long and winding tract begin 
the large intestines. The duct of the gall bladder, and that of 
the pancreas, empty their contents into the small intestine at its 
beginning. The oflSce of the spleen has not yet been ascer- 
tained. Neither has that of the worm-like appendage at th« 



* Am thii ia a frmU view, the right side uf the Figure iu the teO liilc: o1 thf cmdt; 
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be^nnisg of the large intesUnea. The omentum, or caul, 
which hangs Kite a curtain from the front part of the sto- 
mach down in front of the inteatines, is not represented in the 
Figure. 

90. There is one arrangement in tbe abdomen wliich must 
not pass unnoticed. If the inteatines were left to lie loose in 
this cavity, th^ would constantly be subject to disnlacemanl 
and injury. They are therefore fastened to the batkbone by 
an arrangement, which secures them from any such accident, 
and at the same time allows of a sufBciently free motioc of diffap 
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ent parts of this tube. It is this. The intestinal tube makes 
the margin of a broad sheet of membrane, the other edge of 
-which is gathered up and fastened to the spinal column. The 
arrangement is like a ruffle with a puffed edging. The mem- 
branous sheet is called the mesentery. As the intestinal tube, 
the puffed edging, is much longer than the ruffle itself^ the 
mesentery, it is gathered on to the ruffle, as a seamstress would 
express it. Now, the mesentery is composed of two folds of 
the peritoneum, the smooth, shining, outer covering of the in- 
testines. The arrangement will be easily understood by the 
diagram in Fig. 16, which represents a section of the intestine 
with the mesentery. The cav- 
ity of the, intestine, a, is lined fig. 16. 
by the mucous membrane re- 
presented by the inner circle. 
Next comes the muscular coat, 
and next the peritoneal, the 
outer, which, instead of making 
a circular tube, as the other two 
coats do, passes backward on 
both sides of the intestine, to 
make the mesentery, 6. After 

being attached to the spine by ^^-^^ ^^ ^^^ mesbntery. 
means of cellular tissue, it is re- 
flected off to pass over other portions of the intestine, as seen at 
c, c. Between the two layers of the peritoneal membrane, in the 
mesentery, is considerable space, as seen at b. This space is 
fflled up with blood-vessels, nerves, lacteals with their small 
glands, soon to be described, all bound together by the com- 
mon packing material of ih% body, the cellular tissue. You 
see, therefore, that the mesentery subserves more than one use. 
Besides ^tening the whole tract of the intestinal canal to the 
spine, so as to guard it against accident, it acts as a secure 
medium for the communication of the blood-vessels and nerves 
with the intestines. And, besides, as you will soon see, it con- 
tains the little tubes which convey all the nutriment into the 
Wood for the growth and repair of the body. 

91. I now go on to describe the remainder of the proc(58S of 
digestion. The chyme, (§ 83,) as it passes into the small intes- 
tine from the stomach, has mingled with it the bile and the 
secretion of the pancreas. These are poured into the intestine 
at the point represented at 6, in Fig. 14. These secretions un- 
doubtedly have some agency in separating the nutritious pari 
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of the chyme from that which is not so. When thus a 
ed, it is absorbed 'by the innumerSiUe small vessels, called lao^ 
teals, which are situated in the mucous membrane. This ntitri- 
tious part of the chyme is a. miihy fluid, called the ckyle. llie 
lacteais which absorb it are little tubes or ducts. These eiit«r 
certain ghmds, called the mesenteric glands, for the purpose of 
having some effect, we know not what, piwluced upon it. They 
then pass on, as seen in Fig. IT, to pour their contents into tha 
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thoracic duct. This duct, which is about the size of a comnion 
quill, running up on tlie left aide of the aorta, the great aviery 
of the he-art, pours its oonMnts into the junction of two veins 
itt the top of the chest. As the circulation of the chyle in tho 



tboradc duct ikwIh all ihc mi'rJiiitiical help that it can have, th« 
mode lit the Juinin{(-of \.\\\» duct wiOi these veins is calculated 
to fitdlititte the freenena of Die discharge of the chyle. As 
the two Urge currents iu tlte veins, v and v, v, in Fig. 18, 
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site, there is created, by the forward motion of these cnr- 
rents, a tendeoc}' to a vacuum at the angle at which they 
meet, the point vhere the thoracic duct, t, d, o|>ens. There 
is, therefore, a Buctioa power, as it is termed, exerted upon 
the fluid in this duct The chyle, thus mingled with the 
blood, becomes a part of it Or rather, I should say, that the 
blood is made &om the chyle, and. as it is constantly used for 
formation and repair In all parts of the system, it is thus as 
constantly replenished. The material by which all the textures 
of the body are made and are kept in repair, is furnithed to 
the system through this small duct, in the form of a milky 
fluid. Yon observe in Fig. 17, certain lymphatic vessels. These 
are trunks of abeorbenls, hereafter to be spoken of particularly, 
which bring a fluid called lymph, to be mingled with the chyle, 
and to be poured with it into the circulation. 

92. The extent of surface on which the absorbent lacteals 
open can not be appredated, if you look merely at the outside 
of the small intesunes. It can be done only by looking at the 
inner mncous coat This coat is really much more extensive 
than the outer coat, or the middle one, the mu^ular, and it ia 
fiill of folds, ei represented in Fig. 14, on page 52. The oh- 



ject of this is to offer a very large absorbing surface to the 
chyme as it passes, and also to prevent its passing along as 
rapidly as it would if the mucous surlace wera perfecuy aiiaooth, 
instead of having folds. Before leaving thie subject, I would 
again call your attention to the analogy which exists between 
absorptiou in animals and in plante. The lacteals do for the 
animal in its stomach, what the absorbents do for the plant in 
the extremities of its roots. Both absorb acd assimilate nutri- 
ment. The function is the same. It diSers in the two caaesi— 
only in the dreumstances under which it is performed. 

93. The digestive apparatus varies much in different anim 
according to the kinds of food on. which they live. As a g 
ral rule, the moro the food differs in chatjcter from tl 
itself, the more compUcated and extensive ia the apparatus. 
Thus, the herbivorous animals have a very long alimentary 
canal, and the beginning of it, the stomach, is a complicated 
organ. While, on the other hand, in tlie carnivorous, me fiesh 
which they eat being very much like their own fieah, and, there- 
fore, not requiring very much of a process of assimilation, the 
stomach is a simple organ, and the alimentary canal ia very 

.short. In the sheep, for example, the aUmentary canal is about 
twenty-eight times the length of the body, hut in the hon it is 
only three times its lengUi. In man, who lives on a mixed 
diet, the alimentary canal ia about six times the length of the 

94. The stomach is more complicated in animals that chew 
the cud than in any other animab. It has four distinct cavities, 
and, as you will see, a singular mechanism is called into opera- 
tion in managing the food as it passes through them. In Fig. 
19, you have a representation of the stomachs of the sheep, aa 
they appear exteriorly. The course which the (bod pursuea is 
this. As the animal crops the food, it passes into the first sto- 
mach, which is Uttle else than a great reservoir to hold it and 
to soak it. Then it passes into the second stomach, from which 
it is returned into the mouth. On being swallowed again, it 
passes from the cesophagus into the third, and thence into the 
tourth stomach. In Fig. 20, you see the interior of these four 
stomachs ; and by the aid of this I will describe tlie process of 
digestion in the sheep more particularly. You see the very 
large first stomach, or paunch, in which the food is accumu- 
latod. It is not yet masticated thoroughly, for the animal has 
swalloi^d it as fast aa he could, and -packed it away in this 

From this it ia passed, in small quantities at a 
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into tia second atornach, the honey-comb, so onlled irom thn 
peculiar network of fulds in it Here the food is rollud up into 
Wis by the action of the muscular fibres in this iietworL 



Eacli ball of food is passed up Ihrougii iliu resojihagus into t] 
moutL, where it is uhewed and tiiorouglily miiied with the saliva, 
ID doinq which the animal aeeins to nave great enjoyment. 
Then it is snallowed, and, as it parses from ttie cesophagus, in- 
stead of going into the paunch, as it did when sw^oved the 
fiist time, it is directed through the groove seen in the Figure 
into Uie third stomHch, the iM.nijpliea, This has many folds, 
lilte the leaves of a book, so that the food is exposed to a large 
fiur&ce iu this cavity. It passes from this to the fourth sto- 
inaub, the reed. Here, and here only, it is acted upon by the 
gastric juice. This, therefore, is the true stomach, all the other 
cavities furnishing only preparatory step to the true process of 
digestion. It is from this fourth Blomacb that what is called 
the renrnt is taken. When fluid matlt^r is swallowed, it goes 
directly into the second stomach, and not into tlie first, the 
paunch ; so that, in the case of the sheep, the drink goes one 
way, and the solid food another. And, what is still more singu- 
lar, while the animal ia a, suckling, the milk passes directly into 
the fourtJt stomach through the third, which has its folds so 
closed together as to form a mere tube to conduct It to its des- 
tination. And the great paunch and the honey-comb are 
wholly useless until the animal begins to crop its food for 
itself. 

95. In birds, the digestive apparatus is necessarily very 
peculiar, from the fact that they do not masticate their food. 
They have, on this account, an arrangement in the stomach 
itself for grinding the food. In the cavity called the gJz7Ard 
are two opposing surfaces, made very hai'd, so that by rub- 
bing togetJier they bruise the grains ; and while they are 
thus ground, as between two millstones, the gastnc juice 
is poured down upon them from above. This arrangement is 
seen in Fig. 21, which represents the digestive appariatus in the 
turkey laid open. At b m the gizzard, showing the two hard 
surfaces, which are rubbed together by the stout muscles that 
mske the great bulk of the organ. Above, at o, are tha 
glands which pour forth the gastric juice. And above thit 
part of the stomach there is, in all grain7eating birds, a largo 
sac bulging out from the cesophagus, called the crop, which ia 
« reservoir for the food, just as the paunch is in the ruminating 
stiiinals. Iu those birds that live on flesh or fish there i') no 
woh grinding apgiaratus; and the walls of the Etomach are 
uite vau, and it presents no hard surtaces, 

88. It would be interesting, were it oooaistent wiUi the p 
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inimal ia just 'I 



m^atMavith&d hydra, represented in Fii^r. 1. 
18 very Hingular, the outside of the body of this animal ia just 
as capable of acting as a stomiich aa its inside. For yon may 
turn it inside out, aa you can a atocking, and yet it will go on 
to catch and digest its food aa usual. But, wide as the varia- 
tions are in the digestive apparatus of animals, the saiue com- 
mon object ia aimed at in all — the assimilation (§ 10) of nu- 
^ent substances to the animal, to produce a material from 
which its structure can be built and kept in repair. There ' 
therefore, much that is common to them all i ' 
which this object is accomphshed. And eve 
which existe between the animal and plaut, in re 
lation, does not relate to the fact alone, but u 
the modea in which l^e process is effected. 




CHAPTER VI. 

CIECDLATIOH OS THB BLOOD. 

97. In the last chapter 1 described the nianner in which toe 
blood ia made from the food. Tlie blood, thus prepared, is 
circulated in every part of the body, that it may be used for 
the purposes of construction and repair. The apparatus by 
which this is done acts, as I have before said, as the common 
carrier of the material which ia used everywhere in the body 
by the laborers, the biulders, to whom it is thus brought 

98. This apparatus consists of several patta — a great central 
organ, the heart, situated in the chest; the arteries, t)ic tubes 
by which the blood is conducted to all parts of the body ; the 
veins, other tubes, which bring the blood bock to the heart; 
and capillaries, a network of exceedingly minute vessels, through 
which the blood passes as it goes from the extreme arteries into 
the beginolngs of the veins. The blood goes from the heart 
through a large artery, called the aorta, which sends forth 
branches ; and these divide and subdivide, so that the estreme 
arteries, through which the blood flows into the capillary net- 
work, are very minute. And the veins which receive the blood 
from this network to carry it hack to the heart, are equally 
minute ; but joining togetlier more and more, as they proc * 
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Heart a forcing and Buction pomp. Arteries firm tubet. Why. 

toward the heart, they are at length all united into two great 
venous trunks, one from above and the other from below, which 
pour their contents into this organ. The capillaries, taking 
their name from the Latin word, capilla, a hair, are so smaU 
that they can not be seen by the naked eye. In any small 
cut, the blood which oozes out comes from multitudes of these 
vessels. They serve to hold the blood, while the formative ves- 
sels, that construct and repair the body, may select from it su^h 
materials as they need for their purposes. 

99. The heart is a great central forcing and suction pump, m 
the midst of this circulating apparatus. When it contracts, it 
forces the blood out through the aorta and its branching ar- 
teries into all parts of the systein. And when it enlarges or 
dilates itself, it, by suction, as it is termed, receives the blood 
returning from the system through the veins. The blood never 
ceases to go these rounds. The necessity for this continual 
motion you will perceive as I proceed with the development of 
the subject. 

100. The arteries differ from the veins in their structure and 
arrangement The arteries are firm tubes, while the veins are 
lax in their structure. The object of the difference is obvious. 
As the blood is forced into the arteries by the powerful action 
of the heart, it is necessary that they should be strong and 
firm, else, they would be liable to dilatation and rupture, and 
death would frequently result. As it is, it is not a common 
event to have an artery dilate and burst, though it does occa- 
sionally happen. When dilatation does occur in an artery, it 
is called an aneurism. But the arteries need to be firm, not 
only for the sake of security against rupture, but also that the 
force of the heart may propel the blood to the extremities of 
the arterial system. If the arteries were lax tubes, Hke the 
veins, the impulse would soon be lost in the yielding tubes, and 
the blood would move very sluggishly in the small arteries at a 
distance from the heart What we call the pulse, is caused by 
this impulse. If the arteries were lax tubes, the pulse would 
not be felt at any great distance from the heart. Instead of 
being distinct, as it now is, with every beat of the heart almost 
to the very extremities of the arterial system, it would be ren- 
dered confused by the yielding of the tubes, even quite near 
the heart, and at a distance from that organ it would be en- 
tirely lost 

101. Besides the firmness of the arteries, there is another 
ttidunstanoe which favors the freeness of the flow of blood 

6* 
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tliroiigb tLem. It. is their mode of divisiou. The br&och S 
HD artery leaves the main truck at a sharp angle, maliiiig thm 
only a slight doviatioti from the direction of the curi'enc ; while, 
on the o^er hand, in the veins where the current fions in an 
opjioaite direction, the branch unites with the trunk at iiearlya 
right angle. This difference is represented in Fig. 22 ; 1 bei) 
the artery, and 2 the vein. 




103. The venous system has a much greater capacity tl 
the arterial. That ia, all the veins of the body are together 
pabje of holding more blood than all the arteries are. And tn 
blood moves very rapidly and directly fram the heart through 
the arteries, but it comes back to the heart quite slowly through 
the veins. Every thing is arranged to promote this rapid cir- 
culation through the arteries, while the venous system is calcu- 
lated for a slow but sure progress of the blood back to the 
heart To secure this, valves, made of folds of the inner lining 
of the veins are bo arranged as to prevent the blood from flow- 
ing ill (he wrong direction. Fig. 23 represents a vein cut open 
BO as to show these valves. A shows tlie valves as they appear 
when the vein ia laid open and spread out ; B, as they appear 
when the vein is simply laid open ; and C represents the ap- 
-j of tlie ouUide of the vein where there are valvf^^ 
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He need which there is of this help to the circulation Hirough 
the veins is obvious. The suction power of the heart is not 
competent, undded, to move the bloixl throughout all the lax 
venous system. These pocket-like valves, therefore, are made 
)D the veins to as^B* 'Jie drculation there. They do so in this 
way. Every moticA of the muscles or other parts about the 
veins t«nds to keep the blood in motion, and the valves serve to 
prevent this motion from b^ng in the wrong direction. The 
difference 10 force and velodty with which the blood moves in 
the arteries and in the veins, is made manifest when they are 
wounded. The blood flows from a wounded vein in a slow 
snd steady stream. From an artery it flows rapidly, showing' 
the impuU? of the heart in its jets, which correspond exactly 
with the pulse. Hence comes the danger in wounding an ar- 
tery, white the wound of a vein is ordinarily attended with no 
danger. Accordingly, we find that the "Maker of our bodies" 
has so placed the arteries that they cannot easily be wounded, 
while many of the veins are quite freely exposed. The arteries 
are deeply seated, except in some few cases where this is im- 
possilie ; but the veins are often superficially situated. You 
can see this, for example, in the bend of the arm. Some large 
vdns appear there just under the skin, while the artery which 
supplies the arm is imbedded among the muscles and tendons, 
Iq every part of the body, the most secure spot is chosen fi>r 
fy artery. Thus, at the knee joint, the arterr, instead of mn* 
Kg over the surface of bone, where it would be liable to ba 



wounded, lies deep in the ham at the rear of the joint The 
same ia true of the elbow joiat, just alluded to, and of other 
parts of tlie body. Although there are arteries everywhere, 
they are so uniformly deeply seated, that it ia only in a few lo- 
calities that you caa readily Snd one. You can feel one pul- 
BatJng at the wrist, and also on the temple. Here the arteries 
are superficial, only because it is impossible that it should be 
otherwise. 

103. When the physician bleeds a patient, he commonly 
does it at the bend of Ihe arm, aa being the most convenient 
place for the operation. A ligature of some sort, as a ribbon, is 
tied around the arm above the elbow, with sufficient tightness 
to interrupt the fiow of blood toward the heart in the super- 
ficial veins, but not so tightly as to prevent the &ee supply of 
blood to the arm by the artery. It ia commonly tied as tightly 
as it can be without stopping the pulse at the wrist. An open- 
ing is then made in one of the veins; and, as Ihe blood flows 
freely into the arm from the heart through the artery, on ita 
return, so much of it as passes through the opened vein ia dis- 
charged at that point. 

104. It will be proper here to g^vo some practical instruc- 
tion, in regard to stopping the flow of blood from a wounded 
artery, as many lives have been lost from the ignorance of by- 
standers when such accidents have happened. Enveloping tUe 
part in cloths, which is so commonly done at such times, does 
DO good, but only serves to catch and conceal the blood as it 
flows. Pressure upon the artery, on that side of the wound 
which is toward Ike heart, will of course interrupt the supply of 

■blood from this organ to the wound. Firm pressure with the 
thumb will do it. Bnt the pressure must be made at the right 
point, that is, direetiy upou the arUry. You may not, in all 
cases, press upon the nght spot at once. If you do not, the 
blood will continue to flow. In this case, press at difierent 
points, until you find the point at which you see that pressure 
stops the flow of blood from the wound- But you may not be 
able to find the right spot. If you can not, you can 'ie a sliji 
of strong cloth or a handkerchief around the iimb, above the 
wound, and twict a stick in it until the bleeding stops. In one 
or the other of these ways, you can prevent the loss of blood 
uutU the surgeon arrives to take charge of the case. 

106. Although there is no such free communication between 
arteries as exists between the capillarica, there is some amount 
of communication, and particularly in certain parls of the bod 



THE CIRCULATION. 69 



Anetiriiin. Communiciition betwem arten'et. 



And it is well that it is so, for it sometimes helps the surgeon 
to save a limb, when he could not do it if there were no com- 
munication. I have already alluded to a disease of the arteries 
called aneurism. An artery has three coats, one of which is a 
strong fibrous one. When this is thinned or ruptured, the 
other two coats bulge out, forming a pulsating tumour. And, 
as the blood is constantly pumped into this by the force of the 
heart, it enlarges, and at length it may burst, and the life of 
the patient will be destroyed by the loss of blood. When an 
aneurism formed in a hmb, as for example in the ham, the sur- 
geon, in former times, used to save the life of the patient by 
amputating the limb above the aneurism. Puttiug a ligature 
round the artery above the aneurism would of course stop the 
flow of blood into it ; but it was supposed that the limb would 
die, in that case, from the want of a proper supply of blood. 
But it was found, at length, that this was not so ; and surgeons 
now, in such cases, cure the disease, and save the limb too, by 
tying the artery. Immediately after the operation the limb is 
cold, and there is plainly very little circulation in it. But in a 
few hours the circulation becomes free, and in a little time it is 
as well established as ever. This is eflfected by the communi- 
cations which exist between the branches which go off from the 
artery above the aneurism, and those which go off below it. 
It is obvious, however, that this would not be thoroughly 
effected if no change took place in the sjze of the communicat- 
ing arteries. But this change does occur. Some of them be- 
come enlarged to meet the necessity of the case. This is a 
most interesting fact ; and so is also the fact, that these commu- 
nication! between branches of arteries are very common in the 
neighborhood of those places in the body, where aneurism, 
from strains produced by violent and sudden motion, is peculi- 
arly apt to appear. This same provision avails, of course, when 
aneurism is cured by pressure made upon the artery above it, 
a measure which modern surgery has found in many cases to 
be as effectual as tying the artery. 

106. There have been great differences of opinion among 
physiologists, in regard to the proportionate amounts of agency 
that the different parts of the apparatus have in carrying on 
the circulation. The heart manifestly exerts the chief agency, 
both by its forcing and its suction power. You can get a clear 
idea of the manner in which it exerts these two forces in this 
way. Fill a ball of India rubber, to which a tube is attached, 
with wator, and immerse the tube in water in a vessel. If you 




press the sides of tlie ball together, 
out into the vessel. This repreaents the contraotioti of the 
heart If^ now, you allow tlie hull by iU elasticity hi reEume 
its rouiid shape, the water rushes into it from the vessel. This 
repreaeots the (jilatation of the heart The diiiitation of the 
bull reeulla from its elasticity ; and so it is supposed by some 
tlial the dilatation of the heart results from the same cnuse, its 
contraction alone being produced by muscular action. Whether 
this be BO or not, the dilatation is an active one, and the blood 
nishea into the heart from the veins by suction, as it is termed. 
The dilatation ia so active that, us has been shown by experi- 
menla on animals, even a great amount of pressure is not 
to prevent its taking place. 

107. But, great as the agency of the heart is, it ie not 
that it is the only moving power, and that the arteries and i 
are mere passive conducting tubes. There are varioiB phenomei 
■which show that the arteries, the capillaries, and even the li 
veins, exert a considerable agency in drculating the blood, I 
will merely allude to some of these phenomena, Determina' 
tions of blood to particular parts show that the blood-vessels 
have an active agency in the circulation. In inflammation of 
any part there is an increased activity of the particular jwrtion 
of the circulating apparatus supplying that part. Id the act of 
blushing, there is a local activity of the circulation somewhut 
independent of the hea^t- This is also true of the circumscribed 
flush of hectic. 

108. There is one portion of the circulation in which the 
aotive ^ency of the capillaries is especially manifest. The 
veins, as I have told you, receiving the blood from all ^arta of 
the liody, at length are all united into two veins, which empty 
their contents into the heart. But there is a very remarkj 
exception to this. The veins which collect the blood from 
viscera in the abdomen unite in one large trunk, called the 
portae; and this, instead of pouring its contents into the li 
vein that goes up hi the heart, divides, like an artery, 
branches, which take all this blood to the liver for the man 
tire of bile. Fig. 24 represents this circulation of the 
pjrtns. 1, 1, are the veins coming from the intestines ; 2 i 
trunk of the vena porLte ; and 3, 3, are the branches of it difl< 
tribuled in the liver. Now, it can not he pretended that the 
suction power of the heart extends its influence through the veina 
that bring the blood from the liver, then through tlie sapillarie* 
of this organ, and then through all the veins that bniig *'•'* 
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blood to the liver, even to the capillaries of the abdominal vis- 
cera. There must be, in this case, aome propellirg power in 
the capillaries, and some, too, also in the veins. If there were 
not, another subordicate heart woulil obvionsly he needed in 
the reoa portte, to pump up the blood from all the veins of the 
abdominal viscera, and tlictt to send it through all its brEincbea 
into the capillaries of the liver. 

109. The veins have a less active agency in the circulatiim 
than anv of the other parts of the apparatus, It is for this 
reason Uiat commonly after death the veins are found quite 
full of blood, while the arteries are nearly empty. The appa- 
lalus of the circulation may be regarded as forming a circfe of 
(ji^fans in this order — the heart, the nrteries, the capillaries, nnu 
the veins. The hlood is constantly going the vnuds of this 
drtde. It is plain that, as the apparatus is aoout to stop, there 
miwt be an accumulation in the weakest, least active, and most 
rdaxed of this circle of organs. The arteries and capillaries fbrco 
the blood into the veins to the last moment of hfe. Tliis effec' 
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probably extends no further than the smaller veins ; but tte heart, 
by its active dilatation, draws tlie blood from them into the larger 
veina. And as these two forces, at the two eiida of the venoui 
system, are at work up to the liiat moment, the whole of this 
system is filled with blood. 

110. The fact, that the larger nr'eries are coramonly found 
nearly empty of blood af^r death, gave the ancients the idea 
that air circulated m arteries, while blood circulated in veins. 
Hence, the name, artery, is derived from two Greek words, sig- 
nifying to hold air. And hence, also, by long established cu^: 
torn, in common language, the blood ia spoken of as running in 
our veins; and it would sound strangely, if, in common, and 
especially in poetical language, we Bhould speak of it as running 
in our arteries also. Although there were from time to time 
some glimpses of the true idea of the circulation, it was not 
really developed vd demonstrated till about two hundred 
and thirty years ago. Harvey spent eight years in maturing 
his ideas on the subject. "When he published them, they en- 
countered much opposition ; but he lived long enough to see 
thetn almost universally received by the medical world, althongh 
the profession was in a much less enlightened Btate than it is at 
the present day. 

111. I will now take you a step farther in the developmenv 
of the plan of the circulation. I tiave said that the office of 
the arteries is to conduct the blood to the network of capil- 
laries, and that in the capillaries the blood lias reached its 
place of destination where it is to be used. The formative ves- 
sels, appended to tbe capillaries, take from the blood what they 
need for their various purposes, nod at tbe same time there ia 
added to the blood refuse matter from tbe waste of the tissues. 
The blood, then, is changed while it is in the capillaries. You 
see the change in its color. In the arteries it was re<? ; bul, 
aft«r passing through the capillaries, it appears in the veins of 
a purple color. It is also as much changed in other properUea, 
Tt is no longer Etted to nourish the body. It would even prove 
a poison to any organ if it should fiow into its capillaries. If it 
should, for example, be sent to the brain, instead of bright ar- 
terial blood, that orana would ct^nse to do its office ; insensibility 

would ensue.and life would soon be destroyed, if tho 6 '— 

red blood could not be established. 

112. This purple blood, which comes back to the heart fi 
the capillaries by tbe veins, must, therefore, be in e 
riiaiiKed to red blood, before it is agmn sent all over tt 
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through the arteries. This change is effected in the lungs. Ab 
the purple blood returns to the heart, it is sent hy the heart to 
the lungs, in order to be exposed to the air before it is sent 
again over the sjrstem. For this purpose there are two circula- 
tions, and the heart is a double organ ; or rather, there are in 
effect two hearts for the two circulations, for the two sides of 
the heart have no communication with each other. The appa- 
ratus for all this is very compUcated, but I think it can be made 
clear to you. 

113. I present, first, a diagram, which is intended to repre- 
sent merely the course of the circulation, without regard to 
proportionate size, or to minutiae in the arrangement of the ap- 
paratus. Let a i^present the right side of the heart, e the left 
side, b the lungs, and d the general system of the body. The 
arrows show the direction in which the blood flows. In all the 
shaded part the blood is venous or purple, and in the part not 
shaded it is arterial or red. We will now take some point of 
beginning, and trace on the Figure the course of the circulation 

FIQ. 25. 




DIAGRAM SHOWIKG THE COURSB OF THS dROULATIOlT. 

We will start at a, the right side of the heart The blood re- 
ceived here, of a purple color, from the whole body by the 
veins, is sent by the heart to 5, the lungs. Here it changes to 
red blood, and passes by veins back to the heart — but, olServe, 
it' is to the l^ft side of the heart, c. It is now sent by this left 
half of the heart to all parts of the sjrstem, represented by <L 
Here, in the capillaries, it is changed to purple blood, and goes 
back by veins to the right side of the heart, a, the place where 
we started 

7 



114. You see, tLen, that there are two separate circulaliorai 
one through the general system, and tlie other through the lungs 
alone. In both circulations the blood is sect from tlie heart 
by arteries, and is brought back to it by veins. But notice tliat, 
while in the ^neral circulation the red blood is in the arteries, 
and the purple in the veins, in the drculation through the lungs 
it is reversed — the red blood is in the veins, and the purple in 
in the arteries. So, alao, while the change of the blood in the 
capillaries of the general system is from red to purple, in the 
capillaries of the lungs it is from purple to red. 

115. There are not only two sides ot hnlves of the heart, 
separated entirely from each other, but each of these sides has 
two apartments, with valves or folding doors between them, so 
arranged that the blood can pass one way tkrough them, but 
not the other. There are aJso valves at the beginning of tbe 
great artery of the heart, the aorta. These are so arranged 
that the blood can go Jreely out of the heart into the artery, 
but not a drop can get back Irom the artery into the heart. 
There are similar valves, also, at the be^nning of the great ar- 
t^Ti 1>J which the purple blood is sent from the heart to the 

116. In Fig, 26, is represented a section of the right side of 
the heart, for the purpose of giving you an idea of the arrange- 
ment and the relative size of the two apartmenla. The auricli, 
a, BO called because a part of it has some resemblanoe to 
an ear, receives the blood from the whole system by tw^ 
large veins, b, h, called the vents cavie. 
From the auricle it passes into the ven- 
tricle, V, which by its contractions sends 
it to the lungs through the pulmonaiy 
artery, f. The valve between the au- 
ricle and ventricle is composed of throe 
membraneous sheets, which are held at 
their edges by small tendinous cords, d, 
just as a sail is held by the ropee at its 
corners. This valve permits the blood 
to pass from the auricle into the ventri- 
cle ; but when it attempts to pass back 
Irom the ventricle to the auricle, it bection of thb i 
pushes buck the sheets of the valve, they side or the hb 
being prevented from going too far back 
by the tendinous cords. There are also valves at e, the begi 
of the pulmonary artery, which allow the blood to pass inr 
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ihem into the artery, but no blood can pass throngb them from 
the artery back into the ventricle. I shall soon call your atten- 
tion again to these different valves, that you may see more par- 
ticularly their structure and arrangement. 

117. The auricle and ventricle act in this way in propelling 
the blood. When the auricle contracts, the ventricle dilates * 
to receive the blood from the auricle. The valves between them 
are open while this is taking place. But the next moment the 
ventricle contracts and the auricle dilates. You at once see, 
that if now the valves between them should be open, the blood 
would be forced back into the auricle. But the membranous 
sheets of these valves shut upon each other as the ventricle 
contracts, and thus prevent the blood from going back. It 
therefore is discharged through the pulmonary artery, /, the 
valves there being open. And when the ventricle dilates, you 
can see that the blood would, from suction, enter it from the 
artery as well as from the auricle, if the valves at the orifice of 
the wtery should remain open. They are accordingly shut 
when the ventricle dilates. You see, then, that when the 
auricle dilates ' and the ventricle contracts, the valves between 
the auricle and ventricle are closed, and the valves at the mouth 
of the pulmonary artery are open ; and, on the other hand, 
when the ventricle dilates and the auricle contracts, the valves 
between them are open, and the valves of the pulmonary artery 
are closed. 

118. Dr. Carpenter has a very good illustration of the rela- 
tion of the actions of the auricle and ventricle, in a representa- 
tion given in Fig. 27. The apparatus which is represented 
consists of two pumps, a and 6, the pistons of which move up ^ 
and down alternately." These are connected with a pipe, c, /, 
in which there are two valves, d and e, opening in the direction 
of the arrows. The portion c of the pipe represents the venous 
trunk discharging its blood into the heart, and the portion fj 
the artery which is the outlet for the blood. The pump, a, 
represents the auricle, and the pump, 6, the ventricle. When 
the piston in a is raised, the fluid enters through c to fill it by 
suction, as it is termed. When, now, its piston is lowered, tho 
fluid is forced through the valve d into the pump 6, (which re- 
presents the ventricle,) whose piston is at the same time raised 
to receive it. And when the piston in b is lowered in its turn, 

* * Tin's dilatation is an activt one, as was stated in % 106, when speaking of the heart 
M a whole. The ventricle does not dilate because the blood is forced into it, but the 
blood ruthe» into it because it dilates. 
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tbe fluid being prevented from retnrning into a, by tl 
of llie Talve d, is forced througli the valve e into /, representinK 
ttfl discharging tube, the artery. At the same time, a fresh 
supply of fluid is received into a by the raising of its piston. 

119. I have described the auricle and ventricle of ooe aide 
of the heart, the right side. Tbe left side is constructed very 
much in the same way. You will observe, in Fig. 26, that the 
ventricle is much more capacious than the auricle. The aurula 
is indeed the antechamber to the ventricle. The ventriSe, 
too, you see, is much thicker in its walls. It is made very 
strong, because it does by far the principal part of the work. 
I remark here, in passing, that the si^e of the whole heart is 
about that of the closed hand of the individual. 

120, I will now call your attention to a, more particular view 
of the valves of the heart. We will take, first, the valves 
which are at the beginning of the aorta, the great artery of the 
body, going out from the left ventricle. These are very much 
like the valves of the veins seeu in Fig. 23. There are three 
of them. They are like little pockets arranged around the ori- 
fice of the artery, and looking toward the tube of the artery. 
Of course, when the ventricle contnicta, and forces tlie blood 
into the artery, these pockets are pressed by the blood flat 
against the sides of the artery. But when the ventricle dilates, 
and the blood attempts to go back from the artery into the 
ventricle, it gets into these pockets, and bulges them out toward 

' the heart, and thus the mouth of the arteiy is closed. But you 
can see that if these pockot-hke valves had plain curved edjna 
they would not effect a perfect closure. There would bs j 
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little apace in tbe very middle of the orifice of the artery 
would be left open. This is made plwn by Fig, 28, which 
■ents the orifice of the art«ry with 
ita closed Talves, as it would appear 
seen from the interior of the heart, 
if the three valves had plain curved 
edges. There would be a apace left 
between them. But this difficulty is 
remedied by a very simple coutriv- 
snce. A Uttle fleshy projection ie 
placed upon the middle point of the 
edge of each valve, of such a size 
that tbe three projectiona together 
just fill tbe space A. When, there- 
fore, the valves are closed, no blood 
can go back from the artery into tbe 

ventricle. This arrangement ia shown in Fig. 29, in which tbe 
aorta, a, is laid open and spread out, so as to ^ow the three 
valves with their projections on the ed^es. At b and c, are the 
nneninj^ of the two arteries that supply the walls of the heart 
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I wifli blood for their growth and repair, for the heart ia d 
Btructed and repaired trom its own blood. The valves at the 

' orifice of tlie pulmonary artery are arranged in the Ban.e man*^ 
tar as those which are at tbe orifice of the aorta. 
13], Tfae valves which are between tbe auricles and thw 



rentriclea I hare already partially described. Tliey are folds 
of strong white membrane, their edges being held by numeroiu 
smaU tendinous cords. And these cords are manned, as wa may 
express it, by muscleB attached to the walk of the heart. The 
office of these mnscleB ia to hold oa to the cords that are fast- 
ened to the edges of the valves, and prevent these sheets of 
membrane from flapping back too far when the powerful ven- 
tricle contracts. It ia by a nice adjustment of forces that these 
valves act with sncb exactness. They are of greater extent 
than the valves which are at the mouth of the aorta and the 
pulmonary artery, and, therefore, it would not do to leave them 
to act alone, as those valves do, upon simple mechanical princi- 
ples. The living muscular fibre must be introduced as the 
^ent to control and regulate these principles in their applica- 
Ijon here. If it were not done, the consequence would be, that 
when the Tentricle contracts with prodi^ous force, as it some- 
times does when the circulation ia in a great state of excitement, 
the light tendinous fastenings would he ruptured by the prea- 
■ure of the blood upon the valves. Aa it is now, the s&ong 
Dut yielding muscular bundles, to which these tendons are 
attached, regulate with great exactness the closing of the valves. 
Even if there were no need of any regulation, by muscular 
action, of the movement of these valves — if the tendons would, 
in all cases, let the valves go back to just the right point— ^ 
they are not extensible, and have no elasticity, it is manifest 
that there would be more danger of rapture than there ia with 
the present arrangement The tendons cannot be stretched, and, 
therefore, under great pressure they might break. In Fig. 30 
is a representation of a portion of this valvular apparatus. The 
engraving was made from a drawing of the part taken from 
the heart, and pinned upon a board for the puijiose. At ra, 
you see the sheet of membrane ; o, o, are two of the muscles 
attached to the inside of the ventricle, to hold on to the ten- 
dons, h, that are fastened lo the edge of the membrane. Thia 
membrane is now in the position that it is when the valves are 
open, that is, lying in a line with the little tendons and their 
muscles. But when the ventricle contracts, the blood, pushing 
against the membrane tn, carries up the free edge to which the 
tendons are fiiatened, which, meeting the free edges of the other 
valves, closes with them the communication between the auriclo 
, and ventricle. 

122. In looking at Pig. 26, you observe that, while there are 
valves between the auricle and ventricle, and at the mouth fl" 




the artery going out from the ventricle, there are none at the 
openings of the two veme cavte, the veins that pour their con- 
tents into the auricle. Why is this ? Why ia there no need 
of valves here to prevent a regurgitation into these veiuH when 
the auricle contracts ! It is because that, as the auricle con- 
tracts, there is at the Bome time the dilatation of the stroDg 
ventricle, making, of course, a Buctioa in that direction so 
p6wer&l as to eoimteract most fully any tendency to rugurgita- 
tioD into the veins. You readily see, that if the arrangement 
were reversed, and the auricle were stronger thau the ventricle, 
then, when the auricle contracted, there would be regurgitation 
into the venie cavai, if there were no valves there to prevent it 
The same remarks could be made in regard to the pulmonary 
veins, that pour their contents into the left auricle. 

123. Having thus examined the heart in detail, you are now 
- prepared to look at it as a whole. For this purpose, I present 
to you, in Fig. 31, a front view of the heart, in which a is the 
right auricle, receiving the purple blood from the whole body 
by the two large veins, A and t, called the vena caves ; b is the 
ng^t ventricle, that receives the blood from the right auricle, 
KbA Bcnda it to the lungs by the pulmonar'j artery, f ; e is the 
left auricle, which receives the red blood from the lungs, by 
the pulmonary veins, g,g,ff; (^ is the left venlricle that re- 
oeives the blood from the left auricle, and sends it all over the 
hoAj through the aorta, e. You observe, that you nee but q 
pjrt of the left auricle and ventricle, they lying partly behind 
file right ventricle. You do not see the very beguming of the 
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aorta, for, as it rises fix)ni tie left ventricle it ii at firet a 
ccaled behind the top of the rigLt Tcjitricle and the beginning 
of the pulmonary artery. It then forma an arcli, from whicli 
it sends forth branches to the head and upp«r extremities; and 
it afterwards passes dowc behind tfje heart, to supply with its 
branches the trunk of the body and the lower extremitieB. In 
the tine of division between the two ventricles, 6 and d, yon 
see one of the coronary arteries, as they are called, which, 
coming trom the be^nning of the aorta, as described in § 120, 
supply the walls of the heart with blood. 

124. To make you quite familiar with the relations of the 
different parts of this comphcated organ, and with the comae 
<if the blood through its different apartments, I give you, ■ 
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Elg. 32, a map of the heart, with the names placed upon tlia 
^rls. I will describe the circulation with this map before you. 
The dark blood is received from all parts of the body by the 
«*»« eaua — fiom the parts above by the descending oaTS, and 
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Irom the parts below by the ascending cava. These veins ponr 
the blood into the right auricle. From this it passes into the 
right veotride, which sends it by the pulmonary artery to the 
Innga. From the lunvs it returns by the pulmonaiy veins to 
the left auricle. It tiien passes into the left ventricle, from 
which it is sent by the aorta to all parts of the body. 

12S. In Fig. 83 b represented Uie heart, utiiated between 
the two lungs, with the arteriee which carry blood from it, and 
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the Teins which, pour their l>lood into it. The lungs a 
Mnted as heing drawn apart to the right and left in fron^ « 
as to expose tlilly the heart and ita vessels. The sac containing 
the heart, and the packing cellular tissue are removed, so as U) 
lay the heart Mid its vessels bare. At a is the trachea or wind- 
pipe ; on either side of it are the two arteries, the carotids, 
which go to the head ; c is the artery which goes b 
h, b, are the jugular veins coming from the head, e^, d, the v 
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from the arms, all empting their contents, as you see, into 4 
descending cava ; e is the right auricle, receiving the bloi 
from the two cavic ; / the ascending cava ; p the right ventlf 
ole, ( the left ventricle, and h the descending aorta. 

126. I have been thus particular, and have led you through 
some repetitions in the description of some of the figures, in 
order that you may get a clear idea of the complicated mecha- 
nism of the circulation. And now, perhaps, you will inquire, 
in what way all these four apartments of the heart contraot 
and dilate, so as to have the organ act as one harmonioiu 
whole. You have seen how the auricle and ventricle of d 
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side act in relation to eacli other — ^the auricle contracts when 
the ventricle dilates, and the ventricle conti-acts .when the auri- 
cle dilates. Now, the harmony of action between the two sides 
is preserved by having the two auricles act together, and 
the two ventricles act together. And this action produces 
two sounds, which may be heard by applying the ear to the 
chest of any one on the left side. The first sound is rather 
a prolonged and heavy one, the second is light and quick. 
They are very well represented by the syllables lub-tup. The 
first sound occurs when the strong action of the heart is per- 
formed, that is, when the ventricles contract It is owing 
to several causes. One of these is the impulse of the heart 
against the walls of the chest; the cause of which I shall 
speak of soon. Another is the flapping together of the 
valves between the auricles and the ventricles, to prevent the 
blood from regurgitating into the auricles, when the ventricles 
contract to force out their contents. The light and quick 
second sound is caused principally by the flapping together of 
the valves at the mouths of the aorta and the pulmonary 
artery when the ventricles dilate. The pulse (which I have 
already remarked upon in § 100) is produced by the impulse 
given to the blood by the contraction of the ventricles. There 
is, therefore, a pulse in the arteries of the circulation through 
the lungs, as well as in those of the circulation through the 
general system. Wherever there is an artery there is pulsation. 
127. The impulse of the heart against the front wall of the 
chest on the left side is easily explained. The heart is so en- 
veloped by the lungs, that only a small portion of it comes 
near to the front wall of the chest, and such is the situation of 
the heart, that this portion comes to the left of the middle line 
of the chest. The position of the heart is an oblique one, its 
upper part being both farther back and more to the right than 
its lower part. Keeping in view this position of the heart, you 
will readily see how the impulse is produced against the front 
of the chest at its lower part. The aorta, in going from the 
heart, makes an arch upward and backward, to go down in 
front of the spine ; and it is the tendency to straighten out, 
produced in this arch by the force of the blood thrown into it 
by the ventricle, that causes the throwing of the heart forward 
by a spring. This is easily seen as illustrated by Fig. 34, in 
which a is the spinal column ; 6, the front wall of the chest ; 
dy the heart ; and c, the arch of the aorta. When the heart 
throws the blood into this arched tube it tends to straighten it; 
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but, as the aorta is fastened to the 
fixed Bpine behind, there can be no 
impression made ia that direction, '^■ 

The Btraighteniiig of the arch must 
-therefore occur in the other direction, 
to the front ; and therefore the heart 
is thrown a little forward, as represent- 
ed by the dotted lines. The change 
of position thus produced is indeed 
but alight, but it is sufficient to cause 
the impulse. The entrance of the 
blood into the pulmonary artery per- 
haps aids in the result, but not very 
mat«rially, 

128. The heart, as I hare already 
hinted, ia inclosed in a sac, called the 
^>erimrdium, which, at ita upper part, 

IS &st«ned aH around the rebels that proceed from the hearL 
This sac is lined on the inside by a serous membrane, which also 
lines the outside of the heart, being reflected over npon it from 
the pericardium. This membrane forms, therefore, a sac without 
any outlet This is made plain by Fig. 85. In this diagram, 
showing the plan of the serous membrane of the pericardium, . 
a, a are the auricles ; o, v, the ventricles ; b, e, the vessels pro- 
ceeding frum the heart ; p the serous membrane lining the out- 
ude of the heart ; p', the same membrane reflected from tha 
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upper part of the heart on to the inside of the pericardium. 
Tlie arrangement of this membrane, as it fits on to the heart, 
is much like the common double nightcap, as it fits on to 
the head ; and if it were dissected off whole from the outside 
of the heart and the inside of the pericardium, it would be 
like such a nightcap when taken off firom the head — that is, a 
sac without an outlet. Now, this sac is kept moistened by a 
fluid exuding from its whole surface, so that, as that part of it 
which lines the outside of the heart, in the motions of that 
organ, rubs against that part which lines the pericardium, the 
lubrication prevents any injury from the friction. This lubri- 
cating fluid is continually renewed, the exhalents and the absorb- 
ents balancing each other in their action. When the exhalents 
secrete more fluid than the absorbents can take up, it accumu- 
lates, making what is called dropsy of the heart 

129. The heart, as you have seen, is a complex arrangement 
of muscles. And these muscles are wholly involuntary ; that 
is, they are not at all under the direct control of the will. No 
one can by an exercise of the will make his heart beat slower 
or faster. As I shall show you in another chapter, this organ 
is kept at work by its nervous connection with the spinal mar- 
row. It has no repose, as the voluntary muscles have, unless 
you call the interv^ between the contractions and dilatations 
of its several parts intervals of repose. The amount of work 
which it does is enormous, if we calculate it for a lifetime. 
The heart of an adult beats, that is, each one' of the four cham- 
bers of this organ dilates and contracts, about 70 times in 
a minute. This would make 100,800 times in 24 hours, 
36,792,000 times in a year, and 2,575,440,000 times in a life 
of 70 years. In children, the action of the heart is much more 
rapid, and in disease it sometimes reaches in them to 160 or 
even 200 beats in a minute. It is thus that this organ, situ- 
ated in the centre pf the complicated apparatus of the circula- 
tion, labors continually, by night and by day, in keeping the 
blood in motion, The two circulations of the gener^ system 
and of the lungs are ever going on. The blood is ever moving 
in all the cavities of the heart, in every artery, and vein, ana 
capillary. It never stops till it is arrested by death. 
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i;iO. You saw, in the last cliaptet, that the purple TCnoUB 
blood i& Bent to the lungs to be changed into arterial blood. 
The great object of the apparatus of reepiratioa is to iatroduca 
the air to the blood, bo that it may act upon it, and produca 
this change. Anotlier object \b effected at the same time, viz, 
the production of the voice, by the Btriking of the air upon 
the vocal chorda in tLe larynx, aa it is forced out fi^m the 
lungs. This will be made the subject of a iiiture chapter, and 
I propose now to show how the chief object of respiration, 
vhich is so immediately essential to the continuance of life, is 
necured. 

131. The lungs are ajKtngy bodies, fi'lijig up a large part of 
the chest, and surrounding the heart Thoy are in common 
language, tte lii/hts ; and you can see what they are in man 
by observing the lights of other animals. They are coroposwd 
chiefly of air-tub«a, air-cella, blood-vesaela, and nerves, packed 
together with the common packing materia! of the body, oellu- 
■lar membrane. The spongy lightness of the lungs is owing to 
the air-cells or vesicles. You can get some idea of the propor- 
tion of these cells to the solid part of the organs if yon- 
infiate the lungs of some animal, as the sheep or c^f, by blow- 
ing into the windpipe. These cells are exceedingly minute. 
It is in them that the change Is effected in the blood. The 
capillaries holding the blood branch out on the walls of the 
cells, and the blood is acted upon hy the air through the pores 
of the vessels. The object, dierefore, of respiration is to in- 
troduce the air &ee!y into these cells. The mr enters through 
the windpipe, and this branches out into tubes called bronclu, 
which divide and subdivide, till they become very minute, and 
tlien end in tlie air-ceils. These cells are estimated to be about 
tte xtirtli OT an inch in diameter. Some calculations have 
been made in regard to the extent of surface which tliey would 
all make if they could be spread out in one sheet. There is of 
coursenogreataccuracyin such calculations; but we can readily 
see that the aggregate surface must be immense, and, therefore^ , \ 
the blood is thus very extensively exposed to the action of ti 
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air. In Fig. 36 is represented the Sung of one Bide, d ; the 
branclies of the brouclii of tlie qllier lung, c, at tlie lower part 
of which, e, they are represeuted aa they branch out minutely 
tn open into the aii-celle ; b is the trachea or windpipe, and a 




W the larynx at the top of it. It is through a chint called the 
glottis, in the larynx, that all the air passes as it goes into and 
out from the lungs. This will be particularly described here- 

133. In Fig. 33, in the last chapter, you see represented the 
relative sitaation of the heart and lungs, the lungs being some- 
what separated, however, ti-om the heart, to the right and Idt, 
in order to show that organ ftillyt In their natural position 
th^ are close to the heart, and cover up all of it, except a 
small portion in front and to the left side, where its beating is 
so plainly felt. Both the heart and the Itings are suspended in 
the chest to the upper part of the walls of this cavity, and are 
&el«ned also to the spina! column in the rear. The large vessels 
»f the heart, and the bronciii of the lungs, serve aa the prioci- 



pal means of suspending these organs, as you can readily sea 
by tlie Figure. The lungs are coyered by a, white, ahinioj 
memlrane, which also lines the inside of the walls of the chak. 
(§ 67.) called the pleura. This is always kept lubricated by 
a watery fluid, so that, aa the lungs expand and the chest 
mopes, the friction will be attended with no inconvenience or 
injury. Yon may perhaps ask why, as the lungs follow the 
walls of the chest in its expansion, liey could not have been 
fastened to these walla throughout their whole surface. The 
principal reason probably ia that, if thia were the arrangement, 
the intiinate vascular connecdon, which would in tms case 
exist between the walls of the chest and the lunge, would ex- 
pose the delicate texture of these organs more fi'equently to 
injury from external violence. As it ia now, the eflusion, or the 
iufiammation, consequent upon a blow on the chest, is not 
apt to aifect the lung in the neighborhood, because it has 
no direct conaectioa with it by nerves and blood-ressels. 

13-3. You are now prepared to sea by what mechanism the 
air ia alternately introduced to and expelled frota the lungs. The 
chest incloses. a large space, which can be made much greater by 
certain movemenlH of its walLs. It is this expansion of the cav- 
ity of the chest, effected by certain muscles, which, by creating a 
vacuum, causes the wr to rush into the cheat through the tra- 
chea, just as air rushes into the bellows when the space within 
is expanded by the separation of its walls. That you may un- 
derstand how the expansion of the cheat ia effected, 1 now 
proceed to deacribe the chest. In Fig. 37 you see the frame- 
work of the chest. At i, h, ia the spinal column, the grand 
pillar supporting the waJls of this cavity. The ribs, e, c, go 
from this with a large curve round to the breastbone, a, m 
front. The ribs, however, do not join directly with the breast- 
bone, but there are cartilages intervening, as you observe in 
the Figure. The collar-bone goes from this breastbone across 
to the top of the shoulder. The ribs are twelve on each 
Bide. The lowest two are attached only to the spine, and an 
called floating ribs. The whole is so constructed as to allow a 
very considerable expansion of the cavity. As, in effectina; this 
expansion, the ribs are carried upward and forward wi^ the 
brenstbone, the ends of the ribs at the spine ijove but veiy 
slightly. As the cheat is kept in constant motion, tightness in 
its walls is an object of some importance; and, at the same 
time, it is necessary that the structure should be a strong one 
in order to guard effectually the lungs from injury. Both^ 
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tbew ol>J4ctB are secured, by having the walls in front and at 
the sidd composed of so many bones, well bound together by 
the muscles which move tliem. If these bones were all in one, 
it would be necessary that it should be quite thick, to answer 
u a defeuce, and then it would be a heavy and unwieldy thing 
to move. The oartilsgea which coanect the ribs to the breast- 
bone are a great eafeguard. They give elasticity to the struc- 
ture as B whole, find the ribs are uat very liable to be broken, 
because of the yielding of the cartilages with which they are 
connected. 

134. This Iramcwork is filled out with connecting material, 
^cluetly mueclts, which efiect the expansion of the chest in in- 
spirHtion. First, there is a large expanse of muscle and tendon 
Mretching across the lower part of the chest, separating its con- 
tents from the contents of the abdomen below. The edge of this 
^uscle, which is called the diaphragm, ia fastened to the spina ^ 
behind, to the end of the breastbone before, and all around the 
lower ribs. It is arched upward ; and against its concave sur- 
face press upward the iiver and stomach, while the lungs and 
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flie heart press downward against its convex surface. The dia- 
phr^^m is represented in Fip. 38. The ribs are cut away in 
front, so aa to give a front view of the cavity of the chest, C, o, 
the lungs and heart being entirely removed. D D is tha 
diaphragm, very high in the centr^ portion, which is tendin- 
ous, but dcacemiiiig very low at ita ei^ies at the sides and in 
the rear. 




135. You can see that, if all the muscular fibres in the dia- 
phragm contract, the arch will be flattened, and thus the room 
in the chost will be enlarged. To occupy thia new room thua 
made, th« air rushes in through tlie windpijie. This is inspira- 
tion. In expiration, the reverse raovament (jikes place — tha 
arch of the diaphragm rises, and, compressing the lungs, forces 
the air out of them tlirough the trachea. In inspiration, as 
^the diaphragm is flattened, it pushes down before it tha 
' Blomaeh, liver, Ac, and henca the pressing out of the ahdomen, 
which is BO sensibly felt, if the hand be placed upon it duri 
the act of inspiration. In expiration, on the other hand, 1 
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I ftbdonien retreats inward. These two oppositd states of tba 
ft Brcli of the diaphragm, and of tlie walls of the abdomen, are 
L represented in Fig, 39. It is a side riew, the libs being cut 
I away, C c is the cavity of the chest, and C a, the cavity of 
the abdomen. The diaphragm and the abdomen are ropreaant^d 
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L ts they are in expiration. The dotted line marks (lie flalt«niDg 
•of the arch of the diaphragm, and the projection of the ab- 
tdomen, as they occur in inspiration. It is anppoMid that in 

Vordinary BKpiration, there is little, if any, muscular action — 
'that, as the diaphragm, which in inspiration pushed dowit the 
itomacb and liver, and thus thrust out tJie walls of (he ab- 
Edomen, ceases to contract and relaxes, the mere elasticity of'. 
■" o parts below, and especially of the abdominal walb, reotores 
e former condition of things, and so the diaphragm is car- 

1- red upward, and eipiration results. When, however, the ex- 



piration is at all forcible, it ia produced in part l^ 

of the muscles of the abdomen and aome of the miiac5es about 

the cheet. 

136, While this dome-shaped muscle, the diaphrag^m, is ths 
principal agent by which the chest is enlarged, there are other 
muscles which do the aame thing in another way. In Pig, 40, 
a is the spine ; c, e, e, the ribs ; b, the breaathone ; d, the col- 
'ar-bone ; g, the diaphragm. You observe, on the right ad» 




of the chest, cert^n musclua, i, extending from the aptni 
column in the neck to the first rib. When these contract, iho 
effect will be to raise this first rib, and all the othevs. being 
attAihed to it, of course follow. And, as the ribs, as you aeo 
in Fig. 37, slant downwards from the spine toward tliu front, 
the result will be, that all the ribs will lie carried together fof 
ward and upward. This result is the more effectually sdouwd, 
by muscles which pass from rib to rib, as seen at e, e,f,e. 
this Figure, the rilw, c, e, e, are left bare on the left ude, to n 
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the arch of the diaphragm, g^ the dotted line indicating it on 
the right side. 

137. There are two layers of muscles connecting the libs, 
the fibres of which -cross each other, as represented at M, in 
Pig. 41. R R are parts of two ribd. The spaces between the 

no. 4L 




ribs are filled with muscular fibres, arranged as represented in 
in the Figure. K the fibres were straight, as at L, they could 
not bring the ribs as near together as the oblique fibres do. 
For, as muscles can not shorten themselves, at the farthest, more 
than one-third of their length, the straight fibres could bring 
the ribs only one-third nearer together, while it is obvious that 
the oblique fibres, with the same contraction, can do much 
more than that These muscles between the ribs not only, 
then, help to raise all the ribs as a body, as mentioned in § 136, 
but they bring each rib nearer to the one above it. This in- 
creases the expansion of the chest, especially as the ribs are so 
joined to the spine, that if a rib be moved upward, it must be 
carried outward as well as forward. You can see, then, that 
by the operation of these muscles in the neck and between the 
ribs, the diameter of the chest will be increased from front to 
rear, and also from side to side. 

138. The chest is expanded, then, in two ways — ^by flatten- 
ing the arch of the diaphragm, and by raising the ribs. In 
ordinary quiet respiration, this expansion is effected chiefly by 
the diaphragm. But when there is a call for more active 
respiration, as in violent exercise, the muscles which raise the 
ribs act strongly, and hence the heaving of the chest, as* it is 
called. Their action is violent when from disease, as in asthma 
for example, it it difficult to introduce sufficient air into the 
lungs. 

189. The lungs, heart, <kc., accurately fill the chest in all the 
rariatioDS ci size to which its carity is subjected in respiration* 




For, whon the ciieat is expanded, the spongy lungs swell ont 
follow its walls, and t!ie air rushes in through the trachea to 
fill the espandiug air-cella, I^ now, there were an opening 
through the walla of the chest, communicating with the out- 
side of the lung, when the cheat expanded, the air would nwh 
in at this opening as well aa through the trachea, and the lung 
would be comprised in proportion to the fri*ness of tlie open- 
ing. This has sometimea occurred from disease and from 
wounds. K a free opening were made at the same time in 
both aides, both lungs would be compresBed, and death would 
be produced by suffocation, as really aa if some obstruction in 
the windpipe pr^^ented the air from entering the lungs. 

140. I havf said that the change in the blood, from piirpla 
to red, is eS'Mied in the au--ceUB. The blood and the air are 
brought v'jTy near together for this purpose; and yet they are 
kept entirely separate, except when, from disease, the blood 
escapes into the air-cells and air-passages, and is then expecto- 
rated mingled with air. It is supposed that the air in the c«lls 
acta upon the blood through the pores of the vesBels ci 
it, which branch out on the walls of the cells; for if i 
Tenous blood be inclosed in a bladder, the air will act thnj 
the pores of the bladder, and gradually change the outerifl 
tion of the blood to a red color. ? 

141. These air-vesicles, then, do an important work, llitf., 
change which is effected in them is immediately essential to the 
continuance of health, and even of life. If the air be In any way 
shut out from them death occurs at once. And so import ' 
ia it that they should do their work well, that extraordJi]' 
provisions are made to seuure an abundance of room for ti 
under all circumstances. For the cavity of the chest, a 
have seen in this chapter, can be expanded to a very grcat^ 
tent. It would indeed be difficult to conceive how a greater ■ 
range of expansion could be seou:.~d. As the air-cella are 
called upon to do more work at some times than at othen^.^ 
there are special provisions for a larger dilatation of the 
than is required in ordinary quiet respiration. Thus i 
from violent exercise, the blood is coursing rapidly throiigi 
lungs, and more air is therefore needed to change it t 
arljirial blood, the chest is largely expanded by c 
action muscles, which do but little, if any thing, i 
breathing. 

142. As the apparatus of respiration is so eepedall^ 
ranged to secure room for the lungs under all drcumstaill 
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it must be very deleterious to the iiealth of the body to inter- 
fere with this arrangement. If the expansion of the chest in 
breathing be limited by any pressure, every air-cell must be 
embarrassed in doing ite part in changing the blood. Either 
all of them must be unduly contracted, or some of them must 
become obliterated, so that there will not be as many vesi(;le8 
as there should be. In either case, the organ is disabled in 
proportion to the amount of the compression. The blood is 
not as good as it would be if there were enough vesicles, and 
they could perform their work without constraint. The vigor 
of the system is therefore lessened. And, besides, the lungs 
themselves are especially liable to disease from this unnatural 
confinement . / 

143. Much injury is undoubtedly done to the lungs that are 
thus confined, when any strong exercise is taken. K the chest 
be left free to expand to its fullest extent when occasion re- 
quires, this injury is avoided. For when the strongly and 
rapidly contracting heart pumps the blood in such quantities 
into the ,lungs, the widely expanding chest draws in the due 
amount of air to change the extra amount of blood. All the 
air-vesicles are ready to do their duty, and, therefore, no violence 
is done to the delicate texture of ^e lungs. But if these or- 
gans be compressed, the dilatation of those vesicles that are not 
obliterated, in the midst of the commotion of the diflScult res- 
piration, is very unequally effected, and some of them are 
stretched l^yond their proper dimensions. At the same time, 
the blood must be here and there obstructed in its passage 
through the lungs, producing what is termed congestion. And 
if this violence be repeated from time to time, permanent dis- 
ease will after a while be the result 

144. From the considerations in th& two last paragraphs it 
is manifest,, that the intei*ference with the due expansion of the 
lungs, which so commonly results from the modes of dress in 
the female sex, must be one of the prominent causes of con- 
sumption, to say nothing of other diseases arising from this 
cause. This interference is effected in two ways — chiefly by 
compression of the chest directly, but also by the pressure 
which thie load of clothing hanging from the girt waist must 
make upon the upper part of the abdomen. This latter cause 
interferes with that forward movement of the ab^.omen which. 
as you saw in § 135, is necessary to the flattering of the arch 
of the diaphragm in the act of inspiration. The extent to 
wluoh compression of the chest is sometinvvi carried is seen by 
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comparing the two outlines in Fig, 42. Ona is an outline, of 
the Venus de Medicis, the universally recognized iwau ideal 
of beautj of form in the female, and the othei is an ootUmt 




of tha fonn of a lady with an artificially sBial! waist In Fig. 
43 is represented the framework of the cheat of its natural 
WHO, and aa it is sometimes contracted by fashion. The Figures 




representing the contraction of the chest may appear at 1 
present time us caricatures, for ii very small wmst is not con- 
iidered now to he as essential to beauty in the female form, as 
:t was twenty-five years ago. The truth, as uttered by medical j' 
men, has had some effect. But the evil is remedied oul 
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Cameof death in drowning. Singular provision in the whale. 

part. The chest of the female is still too much begirt, in obe- 
dience to the tyranny of fashion, to allow of the free expan- 
sion, to secure which such special pains are taken by nature. 
The evil begins in childhood. The chest is moulded during 
its growth to the shape which fashion prescribes. It could not 
be done after the chest has attained its full size. The torture 
of the compression necessary to do it could not be endured. 
In childhood, therefore, while the boy's chest is left to grow 
in its natural shape and dimensions, the girl is begirt so tightly 
as to embarrass her respiration, because nature is too ungen- 
teelly large in her patterns to suit her case. The subject is 
an important one ; but as this book is not designed to treat of 
hygiene, I can not go into it further. 

145. It is the interruption of the change which is effected 
by the air upon the blood in the lungs, that produces death in 
drowning. The very common supposition, that considerable 
water gets into the lungs in drowning, is erroneous. Very 
little water ordinarily gete in — not enough to occasion any em- 
barrassment The difficulty is, that the air is kept out, and 
not that the water gets in. The drowning person makes at- 
tempts to inspire, but the moment that the water reaches the 
epi^ottis, the door of the windpipe, it causes at once, by its 
irritation, a spasmodic closure of the epiglottis, so that almost 
no water is introduced. In the mean time, the purple blood 
continues to be thrown by the right ventricle of the heart into 
the lungs. But the little air contained there soon parts with 
its oxygen ; and then the change in the blood ceases to occur, 
and dkrk blood is sent from the lungs to the heart, and thence 
to all the organs. These can not go on to do their duty with- 
out the stimulus of arterial blood. The brain, therefore, gives 
out, and there is insensibility. The muscles cease ^to act, and 
all motion is gone. K a good supply of arterial blood coidd 
be furnished to all the organs until breathing could be again 
commenced, life would be preserved. And mere is provision 
for such a supply in certain animals that can remain under 
water for some time. For example, in the whale there are 
large reservoirs for containing arterial blood, which can be used 
for the supply of the organs while he remains under water. 
When the supply begins to be exhausted, the animal of course 
has those uncomfortable sensations which a predominance of 
purple blood is so apt to produce. He manifests his uneasiness 
by his puffing and blowing, as he rises to the surface, to get a 
fresh supply of air, and with it a fresh supply of arterial blood 
in the reservoirs. 9 
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146. The apparatoa of respiration varies in different aniniak 
It appears in three forms — lunga, gills, and traohefe iif Mr- 
tubdj. The gills of the fish are arranged in fringed lamiuje, in 
order to present by all its minute divisions a large surface ; and 
these delicate organs are covered with a lid to protect than 
from injury. The blood-vessols which contain the hlood to be 
changed branch out on the surface of the fringes of tlie lami- 
nx, just as the blood-vessels in lungs branch out on the sarboa 
of the air-vesiclea. The air which is to change it is mingled 
with the watet. It acts upon the blood, as the 
water containing it, after being taken into the ^'^' **■ 

mouth of the fish, passes out through tJiese la- 
minaa, as through a sieve. That the air in the 
water is the cause of the change can be proved 
by experiment. If a fish be placed in a vessel 
with Its orilioe closed, so that uo air can enter, it 
will soon die from suffocation, beuause the air in 
so small a portion of water is soon used up. 
Although the fish can not with his giUs use air 
that is not mingled with water, it is supposed 
that it is merely becanse the gills soon become 
dry when exposed to the air, and that the air 
would act on the blood in the gills if they were 
only kept moist. Indeed, in the land crab, that 
has the power of living for some time out of the 
water, it has been found that there is a gland in 
the gill-chamber which furnishes a secretion to 
keep the gills moist Gills differ much in their 
shape and arrangement in the various aquatic 
animals. In Fig. 44 is represented the arenicola 
or iob-worm. Here, the gills are in the form of 
tufta arranged along the oulaide of the body. 
They take a somewhat similar form in the larvx 
of many aquatic insects, as seen in Fig. 45. A 
Urge surface is presented to tlie ^r contained in 
the water by the delicate and beautifully arbor- 
escent gills of these animals. In insects, we find 
the respiration effected by trachcie or air-tubes. 
These go into all parts of the body, and tlie air 
contaiui^d in them acts upon the blood in the ves- 
sels which branch out upon their walls. The in- 
sect, therefore, has no distinct respiratory organs 
situated in any one part of the body, but the toB-H 
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'wr is earned into every part. This seems to 
bo necessary on account of Uie feeble circula- 
tion in tbe insect. The trachese which, as 
Cuvier says, conduct the air in search of the* 
blood, as the blood has no means of travelling 
in search of Mr, open on the surface by siig- 
maUi, as they are called, which are of various 
shapes and number in different insects. In 
the grasshopper there are twenty-four, ar- 
ranged in four rows. You can kill an insect 
by suffocation by simply covering the stigmata 
with varnish. In Fig. 46 are represented the 
tnicfaece in an insect, the nepa or water-acor- 
pion. The tracheie, as you see, send branches 
out in every direction, so that air is introduced 




UflPIBATOBT APPJlJUTDS 07 THE VATSft-aCO^nO'*' 



into every part of the bodj. Tliere are lungs, so to speak, 
everywhere ia the insect, 

147, The apparatus of respiration is largely developed in 
birds for two objects^to provide for the extensive eliaiige in 
the blood whieh ia required by their great activity, and lo give 
lightness to the body. To secure these objecte there are air- 
BN08 connected with the lung;, and located in different parte of 
the body; and in birds that fly rapidly and are lung upon fha 
wing, these sacs are very estensive, and even many of the 
bones are made hollow, and are connected with the air sacs. 
By this arrangement, the air is introduced extensively to the 
biood in the capillaries on the walls of these sacs, and at the 
bitme time the body is made very light. And the heat gener- 
ated by the effort of flying must expand the «r in the air-sacs 
and awell them out, and thus makethc body lighter. In Fig. 47 
is seen this arrangoraent of air-sacs in the ostrich. The lungs, 
/, I, are quite small, but the air-sacs, c, c, e, are very large. 
The orifices by which ikej communicate mth the lungs you set 
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Chaoges inrodaeed in the air in the langi. 



in the Figure. In. birds of great powers of flight, the air-saca 
are much more extensive. This arrangement of air-sacs in 
different parts of the body of the bird bears some analogy to the* 
trachese distributed in the bodies of insects. 

148. You have seen that the object of the apparatus of re- 

S miration is to change venous blood into arterial, and you have 
so seen how the air is introduced to the blood in order to 
effect this change. And now the interesting inquiry arises, 
what are the actual changes which occur, both in the blood 
and in the air, in the lungs. If you take a tumbler filled 
with lime-water, and breathe into it through a tube, the lime- 
water will become turbid, and will soon deposit a sediment. 
This is chalk, or carbonate of lime, formed by the union of 
the carbonic acid gas exhaled from the lungs with the lime 
in the lime-water. Whence comes this carbonic acid gas, 
and how is it formed ? In order to answer this question satis- 
£EUstorily, we must look at the chemical constitution of the air 
which we breathe. It is composed of two gases, oxygen and 
nitrogen. In every 100 parts of common air, there are 79 
parts of nitrogen and 21 of oxygen. It is found that the 
oxygen is that constituent of the air which is necessary to 
life. If an animal be placed in a closed jar filled with com- 
mon air, he will soon die, and the oxygen will be found to have 
disappeared, while the nitrogen remaL very nearly the same 
In amount. If, now, you place an animal in a jar of nitrogen, 
and another in a jar of oxygen, the one in the nitrogen will die 
immediately, while the other will be very lively until the oxy- 
gen is mostly used up by his lungs. The animal in the pure 
oTygen will breathe at first jnore rapidly than the animal in 
the jar of common air ; and it is thought that oxygen is too 
stimulating for the lungs, and therefore needs to be diluted 
with the mtrogen, as it is in the air that we breathe. 

149. In the case of both the animal in the jar of air, and 
that in the jar of oxygen, carbonic acid is found to have taken 
the place of the oxygen which has disappeared. This gas is 
made by a imion of oxygen with carbon or charcoal. It was 
formerly supposed that this union is effected in the lungs — 
that carbon is thrown off from the venous blood in the lungs, 
and that the oxygen of the air there unites with it, and so car- 
bonic acid appears in the air expired from the chest. But it has 
been discovered that the exchange is made in a different man- 
ner. It is not made in the lungs. The oxygen is absorbed by 
the blood, and goes with it to Sie heart to be sent all over the- 



Bystem. And it is in the capillaries that tJie oxygen uaitef 
with carbon to form carbonic acid. The union takes pliUM 
•vhile the blood is changing from arterial to veuous, and is an 
essentJal part of the change. The carbonic acid thus formed 
in the capillaries, is brought back to the heart in tlie venom 
Wood, and ia discharged from the system in Ilia lungs. That 
the change takes place as stated has been abundantly proved 
in various ways. It has been found by experiments which I 
will not detail, that carbonic acid exisbi in considerable amount 
in venous blood ; while, on the other hand, there is much oxy- 
gen in arterial blood. The plain inference from this ia, that 
oxygen unites with the blood aa it passes through the lungs, 
goes with it to the capillaries, and there unites with the carbon, 
giving us the carbonic acid which we find in the blood in the 
veins, after it has passed into them from the capillaries. It has 
been found, also, that if frogs or other cold-blooded animali 
be placed in hyiogen or nitrogen, (gases which produce no in- 
jurious effect on them,) they will give off for some time nearly 
aa much carbonic acid as they would have done in common 
sii. In this case, aa no oxygen is introduced into the lungs, 
the carbonic acid can not come from any union effected in 
tiese organs between carbon and oxygen, but it must be dis- 
charged by exhalation from the blood jis it is passing through 
the lungs. Of course the discharge of the carbonic acid ceasea 
niter a little lime ; for, there being no new supply of oxygen by 
way of the lungs, as there is when the animal is breathing com- 
mon air, there can be no new formation of carbonic acid. But 
even cold-blooded animals can not live in these gases for any 
great length of time, although thej are not positively deleterious 
to them, for oxygen ia needed for the continuance of their func- 
tions. And in the warm-blooded animals, a constant sapplj 
of it is necessary — they will die if cut off from this sup] " 
even for n short time. 

160. The change which takes place in the blood, 
through the lungs, occura lo some extent when the blood 
posed to the air in any way. Thus, if blood be drawn from 
vein into a bowl, the surface of it becomes red by the actioo 
of tlie air upon it. Carbonic acid is discharged from it, and 
the oxygen of the air lakes its place, uniting with the btc< 
iuRt as the process oucurs in the lun^. A larger pait ( 
blood will be thus changed, if it be shaken so as to e 
more of it to the air. The change takee place to some i 
even if a membrane be iaterpoaed between, aa when the 
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dmuitity of carbonic acid given oat by the lungs. Necessity ol ventilation. 

is inclosed in a bladder. The oxygen of the air, in this 
case, is introduced through the minute pores of the bladder 
and the carbonic acid gas escapes through them. Precisely in 
this way is the change effected in the lungs, as already stated 
in § 140. The blood is separated from the air by being con- 
fined in blood-vessels, and the air in the vesicles acts upon it 
through the minute pores of these vessels. And, as the blood is 
divided into innumerable little streams, every part of it is acted 
jpon by the air in the vesicles. Though the texture of the 
limgs is exceedingly delicate, and the separation between the 
air and the blood is almost as nothing, yet the blood is confined 
to its limits, even though it courses through these organs with 
great rapidity, and it never mingles with the air except as » 
consequence of actual disease. 

151. The quantity of carbonic acid gas discharged from the 
lungs in the course of twenty-four hours is very great. Many 
experiments have been tried and calculations made to ascertain 
its amount, and I am within bounds when I state, that there is 
at least three-quarters of a pound of charcoal in the carbonic 
add thrdwn on from the lungs of a common-sized adult in the 
course of twenty-four hours. This gas is a deadly poison. 
When accumulated in a considerable amount, as when char- 
coal is burned in ap open furnace in a close room, it may prove 
inmiediately destructive to life.. And in the very prevalent 
neglect of ventilation, the frequent accumulation of this gas 
from the respiration must prove more or less injurious to the 
health.* Whenever the proper amount of oxygen gas is with- 
held from the lungs, and carbonic acid takes its place, the 
quality of the blood is impaired from incompleteness in the 
change effected in the lungs, and the vigor of tlie body must 
in this way be lessened, to say nothing of the deleterious influ- 
ence of this gas upon the nervous system. Though the results 
are not immediate and palpable, great injury is continually 
done to the health of multitudes by the accumulation of this 
gas, in small close apartments, and in crowded assemblies. A 
congregation of twelve hundred people in two hours throw off 
from their lungs an amount of carbonic acid that contains 
seventy-five pounds of charcoal. And yet little pains is com- 
monly taken to carry off this vast quantity of poisonous gas, 
and replace it with pure air. 

152. As so much oxygen is absorbed in the lungs of all ani- 
mals, and so much carbonic acid is thrown out from them, tlie 
inquiry arises how the air is replenished with oxygen, and is 
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Carbonic acid exhaled from the langs of animals absorbed by plants. 

cleared of the carbonic acid whicli i^ thus so largely mixed with 
it. It is found that this is done, to a great extent at least, by the 
leaves of plants. The process which goes on in these lungs, as 
they may be called, of the plants, is quite the reverse of that 
which is going on in the lungs of animals. The carbon of the car*^ 
bonio acid which is thrown off from the lungs of animals is ab- 
sorbed by the leaves of plants, and the leaves replenish the aii 
with the oxygen, which is so constantly and abundantly ab- 
sorbed in the lungs of the animal creation. Thus, the animal 
and vegetable kingdoms are sources of supply to each other. 
But it may be thought that there would be apt to be a surplus 
of oxygen in the atmosphere in warm climates, where the vege- 
tation is so luxuriant ; while, on the other hand, there womd 
be an accumulation of carbonic acid gas in the colder regions. 
This would be so, if the air were not so movable that the equi- 
librium is readily secured in either case. 

153. It is an interesting fact, that the presence of light is 
necessary to the process which I have described as going on in 
the leaves of plants. Each leaf may be considered as a labor- 
atory, and the light as the chief agent in effecting the chemical 
changes that occur in it. And it is .found that no artificial 
light can do the work. It is only the light of the sun that is 
competent to this chemistry. And as these innumerable labor- 
atories are everjnvhere at wort, absorbing the carbon and ex- 
haling the oxygen, to purify the air rendered noxious by the 
laboratories of the animal creation, we must confess it to be a 
mystery as to how the chemistry of the lungs of animals, an(^that 
of the leaves of plants should be kept so nicely balanced. The 
balance is so strictly maintained, that the chemical comporation 
of the air is always found to be almost exactly the same. 

154. The heat of the body is maintained by the union 
which takes place in the capillaries between the carbon and 
hydrogen of the system, and the oxygen which is introduced 
into the blood through the lungs. It is a process analogous to 
combustion. When carbon or charcoal is burned in a vea- 
sel containing air, the oxygen disappears, for it unites with 
the carbon, and carbonic acid gas, therefore, appears in its 
place. The same union occurs in this case between carbon and 
oxygen, as we find occuring in the capillaries. A sort of com- 
bustion, then, is going on in every part of our bodies. And, as 
heat is evolved in the one case, so it is in the other. The same 
can be said of the burning of hydrogen and oxygen together. 
Heat is caused by the union thus produced between them, and 
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Animal heaU Produced by a sort of combustion. Three •onreet of fbeL 

80 it is when they unite in the body. The water which is ex- 
haled from the lungs comes from this union of oxygen and 
hydrogen. It was formerly supposed that the union between 
the oxygen and the carbon and hydrogen takes place in the 
lungs, and that the heat is made there, and then is distributed 
over the whole system. But it was objected to this supposi- 
tion, that it made the lungs a sort of furnace for the rest of the 
body, and that, if the supposition were correct, there ought to 
be a much higher degree of heat in these organs than any- 
where else, which is not the case. Ingenious theories were 
broached to get over this diflSculty ; but it was at length dis- 
covered that the union between the oxygen and the carbon and 
hydrogen occurs in the capillaries of the body, instead of the 
lungs, and that the combustion, therefore, that produces the 
heat is everywhere, instead of being in one locality. 

156. The fuel for this combustion comes from three sources. 
One of these is the waste of the tissues. This furnishes a con- 
siderable amount of the carbon and hydrogen for the union 
with the oxygen, in all animals that are subjected, from their 
activity, to much wear and tear of the system. I barely al- 
lude to this now, and . shall enlarge upon it soon. Another 
source of the fuel for combustion is food. The oily, sugary, 
and starchy kinds of food are devoted in a great measure to 
this particular purpose. These furnish a sort of floating fuel, 
as we may express it, which is carried about in the blood. 
Hence, we see, that our diet must necessarily be varied accord- 
ing to the weather and the climate. In cold weather, the heat 
of the body is more rapidly abstracted than in warm weather, 
and, therefore, we need then more of that food which affords a 
supply of carbon and hydrogen. And so as to climate. The 
enormous quantity of oily food often consumed by inhabitants 
of very cold climates is used up by being burned, as we may 
say, in the capillaries to keep up the animal heat. Of course, 
keeping the body warm by nre and clothing relieves from the 
necessity of taking any large quantities of fuel-making food. 
Still, under the most favorable circumstances in this respect, 
there is a need of variation in diet to suit the weather and the 
climate, and we make this variation for the most part instinct- 
ively. Indeed there is a marked provision in nature for it. I 
will mention but a single example of this provision. While 
there is a large amount of fat in the bears and seals and whales 
which afford food for the Esquimaux and Greenlander, there is 
very little in the animals which furnish a part of the diet of tha 
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inhabitaDts of tropical climates. Another source, still, of ani' 
mal heat is the store of fat which is laid up in the body. On« 
design of this accumulation of fat in different parts of the 
body seems to be to provide for the heat when other sonrces 
feil. Thus, when disease destroys the appetite, and thus cute 
oflf the supply of food, the fat wastes away, or rather is burned 
up, to keep up the temperature of the body. The fat is the 
great means of maintaining the requisite temperature when hi- 
bernating animals become torpid for the winter. They become 
very fat in the autumn, before crawling into their winter quar- 
ters, and in the spring they come out very lean, their hi having 
been consumed in keeping up the low degree of tempei»ture re- 
quired during this time. 

166. As the amount of heat produced, when charcoal is 
burned in air, or when oxygen and hydrogen are burned 
together, depends upon the quantities of carbon and hydrogen 
that imite with the oxygen, so, also, the degree of animal heat 
depends upon the quantities of carbon and hydrogen that unite 
with the oxygen in the capillaries. This may be illustrated by 
referring to the effects of exercise on the heat of the body. 
When the circulation is quickened by exercise, the blood passes 
more rapidly than usual through the lungs, the respiration is 
consequently quickened, more air is introduced into the lungs, 
and therefore oxygen is more rapidly absorbed by the blood. 
At the same time, the action of the muscles effects a waste in 
their structure by the wear and tear, so that more carbon and 
hydrogen are ready to be released to be united with the in- 
creased oxygen. Hence comes the heat produced by exercise. 
So, too, those animals which are the most active, ordinarily 
have the most animal heat, and have the most extensive respi- 
ratory apparatus, so tfiat there may be a free supply of absoroed 
oxygen to unite with the carbon and hydrogen of the changing 
tissues. It is in birds and insects that this union takes place 
most largely, and in them, therefore, the respiratory apparatus 
is very largely developed. This is to be attributed to their mus- 
cular activity, which produces so much waste matter that must 
be removed from the system. Cold-blooded animals, on the 
other hand, are very inactive. There is not, therefore, much 
wear and tear of the tissues. There is comparatively little 
waste, therefore, to be thrown off. And so but little oxygen 
needs to be introduced into the lungs, and consequently little 
heat is generated. To realize fully the contrast between the 
warm and the cold-blooded animals in these respects, observe, at 
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the representative of the one class, a canary bird, and a frog ai 
the representative of the other. The frog is generally quiet, 
and only now and Aien takes a leap or croaks ; but the bird 
is ever in restless motion, and sings much of the time with 
all his might. The bird is warm with the heat generated by 
the constant union of oxygen with carbon and hydrogen in its 
capillaries ; but the frog is nearly as cold as the water in which 
he is inmiersed. The bird breathes rapidly, to let the oxygen 
of the air largely into his lungs ; but the frog scarcely seems 
to breathe at all, so scanty is the supply of oxygen which he 
needs. 

157. Cold-blooded animals are very nearly of the same tem- 
perature with the substances that are around them ; but warm 
blooded animals have a certain degree of temperature, which 
they maintain with considerable uniformity under all variations 
of temperature in the atmosphere. This in man is about ninety- 
eight degrees of Fahi'enheit. This, you observe, is above the 
temperature of the surrounding air, except in exceedingly hot 
weather. The human body is therefore always giving off heat. 
Indeed it is essential to comfort that it should part with con- 
siderable heat, for any near approach of the atmosphere to 
ninety-eight degrees produces an uncomfortable sensation of 
heat. But the amount of heat which the human body can 
bear for a short time is much greater than the facts above 
alluded to would lead us to suppose. It was long taken for 
granted, that it could not safely bear, even for a short time, 
a heat much higher than that which is endured in hot climates. 
The truth on this subject was at length discovered by accident. 
Two Frenchmen were employed by government, in 1760, to 
devise some method of destroying an insect which infested the 
grain at that time. The result of their experiments was the 
discovery, that. by subjecting the grain to a certain degree of 
heat in an oven the insect was destroyed, and the grain not 
injured. While they were trjring their experiments, a girl 
offered to go into the oven and mark the height of the mer- 
cury in the thermometer. It stood at 260° ; and, after remain- 
ing there for ten minutes, which she found that she could do 
without any great inconvenience, she marked it at 288°, that 
is, 76** above the boiling point of water. These facts led to the 
famous experiments of Dr. Fordyce and Sir Charles Blagden, 
in England. With wooden shoes, tied on with list, they went 
into a room in which the thermometer showed the air to be 
at 260°. Their watch chains were so hot that they could scarcely 




touch them, and eggs were roasted hard in twenty minutes, 
beefeteak was cooked in thirtj-three minutes. And yet tti» 
same air that produced these results was breathed by them witli 
iiopunity, luid it raised the heat of the body but very little. 
The ail' which was breathed out irom the lungs ■was so mudi 
cooler than the air of the room, that it was refreshingly cool if> 
the Qostrils, and to the fingers as they blowed upon them. In 
Buch eases, the evil effects of the heat are prevented chiefly by 
the great amountof perspiration that occurs, the vapoiTzation of 
this abstracting the heat, which would otherwise accumulate in 
the body and produce disastrous results. The exhalation from 
the lungs, ulao, has some influence. 

15S. In the state of hibernation, to which I have several 
times referred, the torpidity varies in degree in different ani- 
mals. In cold-blooded animalB, respiration and circulation mar 
oeaae altogether in this state. In them the movements of life 
are often, perhaps we may say generally, as ftilly suspended aa 
they are in the seed that la kept from beat and moisture. They 
may be preserved in this stat« for a loog time and yet reviva. 
Serpents and irogs have been kept in an ice'house for three 
years, and then have been revived on being brought out into a 
warm atmosphere. In the warm-blooded animals that hiber- 
nate the torpidity is less deep than in those which are cold 
blooded. In them the respiration and the circulation become 
very alow, but never entirely cease. Indeed some species take 
food with them into their winter quarters, and occasionally wake 
up sufGciently to eat. Bnt most of them are in a quiet, deep 
sleep, from which they do not arouse at all till the winter is 
past, la this state, as life is nearly, sometimes quite at a stand, 
there is no wear and tear, and therefore no change in the tissues, 
and BO there is no need of the introduction of oxygen by 
respiration. Dr. M. Hall, in his experiments and o^ervatii 
fbcnd that the bat, when completely torpid, consumed no 
gen, and discharged no carbonic acid from the lungs, alth( 
its circulation was not entirely suspended. 

1S9. The more active is the respiration of animals, the leas 
able are they to bear a deprivation of air. A warm-blooded 
animal will die if it he ujider the water only a. few minutes j 
but a cold-blooded animal can live under the water for 
lime, because it is not in so urgent need of oxygen. 
the same reason, a warm-blooded animal, in a state of hil 
lion, may bo kept under water for a long lime without 
ing life, although when in its active state it would die on 
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kept under water for only a few minutes. And this suggests a 
probable explanation of those cases, in which individuals havB 
been restored, after having been under the water longer than 
the usual time that suflSces to destroy life in drowning. In such 
cases, the condition is not simply that of a drowned person. 
A blow, or the shock of body or mind, or both, may have in- 
duced a suspension of active vitality, like that which we see in 
the animal in a state of hybernation. The bare tact of immer- 
sion in the water may have but little or even nothing to do 
with the actual condition. Such a state of things is especially 
to be suspected in those cases in which the countenance does 
not exhibit the usual dark and full appearance of drowned per- 
sons. 

160. I have thus shown the extensive play which the respi- 
ration has in the vital operations of the system. I have shown 
what the chemical changes are, which it effects directly in the 
lungs, and indirectly in the system. And you have seen how 
the animal heat is produced by these changes, and how unac- 
countably it is so regulated, that it seldom varies to any ex- 
tent from its fixed standard. But it is to be remembered that, 
while the lungs, and even the capillaries, everywhere are thus 
chemical laboratories, the nervous system exerts a constant 
influence upon this chemistry of the body. This is especially 
seen in regard to the production of heat, but it is true of 
the whole range of the chemical operations. The laboratories 
would all ceas^ their work if their nervous connections were 
destroyed. 



CHAPTER VIII. 

FOBJttAnON AND REPAIR 



161. The building and the repairing of the various struc- 
tures of the body are done by vessels appended to the capil- 
laries. The capillaries having received from the arteries the 
blood, the building material, the formative vessels select from 
it, while it is in these capillaries, whatever they need for their 
purposes. The selection is made according to the tissue or 
structure to be formed. Those vessels which, for example, form 
bone, select from the blood very different constituents from thcise 
which make nerve or muscle. 

10 
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Selecting power of the formative vessels. Their concert of action. 

162. It is wonderful that the blood can be formed n-om sudi 
a variety of food as is often taken into the stomach. But it ia 
far more wonderful that from the blood can be made so many 
and such different strucb ires. How different are the teeth from 
the gums which surround them ; and yet both are made from 
the blood. Observe, in some particular part of the body, hoW 
many different structures there are which are all made from the 
eame common material. Take, for example, those which are 
in and around the eye. There are, the skin of the eyelids ; the 
eyelashes ; the vascular lining on the inside of the lids ; the 
cartilages of the hds ; the firm, white coat of the eye, giving 
to the eyeball its firmness ; the thin, transparent window in 
front, setting into the firm, white coat, like a watch-glass into 
the case ; the beautiful iris, a round moving curtain with a cen- 
tral opening ; the lens behind this opening ; the optic nerve ex- 
panded on the inside of the cavity of the eye ; the muscles 
that move the eye, with their tendons; the tear-gland; the 
cushion of fat on which the eye reposes ; the bone which fonns 
the socket, <fec. All these various textures are formed from the 
blood ; and the different workmen are as unerring in their se- 
lections from this common material, as if they were intelligent 
beings. Indeed, no ordinary intelligence could accomplish such 
a selection. It is effected, inscrutably to us, under the direction 
of an all -wise Intelligence, and by Almighty power. 

163. But these builders of the body not only have the power 
of selecting their building materials from the blood, but they 
work in concert. Each company of builders Jbrk together in 
harmony, as if they were under intelligent leaders. And 
though different companies may be in close proximity, there is 
no disagreement nor interference. For example, the builders 
of a tooth and the builders of the gum around it, do not en- 
croach on each other ; but each do their appropriate work with- 
in their assigned limits. Even when different structures are 
intermingled, as when tendon and muscle mingle together at 
their place of union, there is no confusion in the work of the 
two sets of laborers. In Fig. 48 you see the difference in struc- 
ture between the transparent cornea in the front part of the 
eye and the white coat, the sclerotic coat, into which the cornea 
b set like the crystal of a watch. It is represented as seen 
magnified 320 times. The dotted lines mark the place of 
union. The cornea, a, is a much more open structure, you ob- 
serve, than the sclerotic coat, b. The builders of these twc 
structures, though some of them are in such near neighborhoiv. 
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never encroacli on eacli other, but each set adheres etrictly to 
Its own kind of work. The sclerotica-makers never-go to leak- 
ing the open work which you see in the cornea. If they shool<i 
do so at any pdnt there would be a. little transparent window 
at that point in the white of the eye ; and if the cornea-makers 
(hould at any point make close work like that in the sclerotica, 
.here would be a white spot in the cornea. 

164. The concert of action which we observe in the diferent 
sets of formative vessels is to be looked at ia another point of 
view. It is such that they give a definite and peculiar shape to 
the structure which they make. Each bone differs in anape 
from every other bone, each muscle from every other muscle ; 
and BO of other parts. There is very great variety of shape in 
the strnctnree of the body ; and each shape can be determined 
only by a certain concert among the builders. That you may 
realize iu some measure the eitent of this variety, observe 
again the numerous different textures which I have mentJoned 
as making up the eye. Each of these has its own pecuhar 
shape, and its definite limits. Its builders work after a fixed 
plan, and within fixed bounds. 

166. This concert of ae^on may be looked at in still another 
point of view. If the different structures in the body were 
made, as a crystal is, by layer after layer of particles deposited 
upon the outside, wonderful as the concert among the little 
Huilders would be in that case, it would not be any thing like 
as wonderful as it is now. In the gi'owth, that is the construc- 
tion of any part, the addition is made by the formative vessels at 
«Toiy point of the part, and not upon the outside merely. As 
titese bnilders are at work enlarging the part in llie growth 
from iafaBcf to childhood, they must so act in cooeart, as t» 
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preserve the same general form in the part during all the suc- 
cessive stages of growth. And, as all the different stiuctures 
of the body enlarge together, there must be agreement lietween 
different sets ; else there would be encroachment and confusion. 
Thus in the growth of the tinj arm of infancy to the sturdj 
arm of manhood, each set of builders must during all this time 
keep within its proper limits, so that there maj be just the right 
prof>ortion, and the right position of bone, and muscle, and 
tendon, and ligament, and cellular membrane, and skin, and 
nail, (fee, that make up the arm. 

166. But this concert of action appears the most wonderful 
when a new action, or change of action is called for. In the 
transition from childhood to youth, for example, the builders 
of the apparatus of the voioe, the larynx, all at once become 
tmu^ually active in their work, and a great enlargement of this > 
musical instrument, for such it is, takes place, so that it may 
now utter the grave not^ of manhood. Soon, too, the beard- 
builders begin their new work upon the face. And during the 
period of childhood new operations have been continually insti- 
tuted among the builders of the teeth, as one tooth after 
another has made its appearance, and as the new set have re- 
placed the old. To produce in the enlarging jaw a new set of 
teeth to take the place of the smaller and less numerous first 
set, and to bring them out in a symmetrical arrangement, re- 
quire a very complicated series of operations. To effect each 
one of these, there must be concert of action among the forma- 
tive vessels ; and there must be a most wonderful concert 
among the different successive sets of builders, to make 
all these series of operations work out at length the general 
result. 

167. This change of action in the formative vessels ia 
•trikingly exemplified in some animals. I refer to those that 
BO entirely change their forms during the period of their exist- 
ence. I will give two examples. The first is the common 
frog. He is at first what is termed a tadpole, and goes through 
many successive changes to become a complete frog. These 
changes are represented in the following figures. The relative 
sizes are not preserved, the tadpole state being represented re- 
latively much too large, for the purpose of showing more 
clearly the development of the legs. The young tadpole ia 
represented in Fig. 49. It has a large head and body, and a 
kmg flat tail by which it swims easily. There are no promi- 
MDoes to indicate the putting forth of any thing like limbs. K 
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Change of action in the silk-worm. Concert preserved in these eases. 
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has ^s, which are loose fringes on each side of the head. 
These gills after a time disappear, and it has another set of 
gills arranged under a fold of skin very much like the gills of a 
fish. The form is then as in Fig. 50. The next change is 
this. The hind legs begin to grow out as seen in Fig. 51. 
Next, the fore legs appear as seen in Fig. 52. The tail is still 
very large. This now gradually disappears while the legs grow 
as represented in Fig. 53. In Fig. 54, representing the perfect 
frog, the tail has entirely disappeared. With these exterior 
changes interior ones have been going on also. The animal, 
which was at the first a real fish, breathing with gills 
and swimming in water, has lost its gills, and has* now a pair 
of lungs ; and it is no longer able to remain long under water, 
without coming to the surface to breathe the air. 

168. The other example is the silk- worm. It is represented 
in Fig. 55. When it has attained its full growth, it passes into 
what is termed its chrysalis state. Fig. 56, it having previously 
woven for itself from its silken thread a case or cocoon. 
While it is in this state of inactivity great changes are going 
on in its structure, and it at length becomes a perfect winged 
insect, as represented in Fig. 57. 

In the two cases which I have described, in each successive 
change, the concert of action in the formative vessels is pre- 

10* 




169. The ciiange of iction n tho f rmitne vessels, whicS 
lometimes called for \y ic idtnt ml Jis is exliibitu in 
tercstiijg manner the concert between these vessels i 
flueuccd by ciroumstfuices. When a bone is broken, tlieM 
formative vessels set themselves to work to repair the injury, 
by forming new bone between and around tite two ends at 
bone, which new bone we call callus. In this case, the boDc- 
buildera eitend their range of operations to meet the new 
necessity ; and in doing so they maintain the same concert 
which marked their usual operations before the bone was 
broken. I stated in g 105, that when an artery is tied, to 
cui'e an aoeuriam, the circulation in the limb a ke]jt up by the 
enitUl arteries that go off from it above the ligature, communi- 
cating with those that branch off below; and that, in order lo 
make the eirculation perfect, some of these communicating 
arteries gradually enlarge, to meet the necessities of the case 
Now, this enlargement is not a mere dilatation produced b; 
the distending blood. The arteries grow in tliickness as wet 
as in capacity. The artery -builders are awakened to a new ac- 
tivity, and make the arteries in this quarter after a larger pat- 
torn than the one originally designed for them. 

170. Concert of action under successive changes is atrikild 
exhibited in the processes of inflammation. The following J 
count of these processes is from a work published by J 
aalbor, entitled '^ Physician and FAlient." " You see a swel^ 
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!t after a while begins to soften. There is matter in it, but it 
s not yet very near the surface. But soon, at some point, it 
joraes nearer and nearer to the surface, the wall of the aLscess 
hus becoming constantly more thin, till, at length, it opens 
md discharges. The discharge continues till the swelling is 
learly all gone, and the remainder is absorbed, and the part 
s restored to its natural state. Just look for a moment at 
he complicated character of this apparently simple operation. 
lere is quite a large deposition of substance which is to be re- 
noved ; and this is the object to be effected. Observe how it 
3 done. The softening of the swelling is not a mere change 
>f solid substance into a fluid, as if by decay, but it is the re- 
ult of an active process, which we call suppuration. When 
his process is properly performed good pus is made, or as 
he old writers in medicine rather quaintly expressed it, latid* 
ible pus. This process of suppuration, when it is well done, 
loes not go on here and there in the swelling, making it like a 
loneycomb with a multitude of little abscesses ; but there is a 
wnsent, an agreement of action by the vessels of the part, as 
eally as if they worked intelligently. It is this consent 
>f action which not only makes tbe line of movement 
n the abscess, but points it towards the surface, instead of 
^ving it some other direction, laterally or inward, upon some 
>f the internal organs. But it is further to be observed, that 
n this agreement of action, the vessels of the part do not all do 
)ne thing. Three different oflices are performed by them in 
Jie different quarters of the abscess. While some of these 
ittle workmen are forming the pus, there are others thinning 
ihe wall of the abscess in the direction of the surface, by 
absorbing or taking up the substance there ; while there are 
jthers still, in the rear, and at the sides of the abscess, deposit- 
nff substance, in order to make a barrier to prevent the pus 
xom being diffused ia the surrounding parte. Each class of 
ihese workmen perform their particular work with even more 
exactness and harmony, than would be expected of any com- 
pany of intelligent laborers under the direction of a leader. 
rhe absorbents absorb together, the wall-builders build together, 
ind the makers of pus make pus together, and deposit it in a 
3oramon reservoir. 

171. But observe farther, and you will soon see an entire 
shange come 'over the whole scene of operations. When the 
ibsorbents have completed their passage for the pus through 
the skin, the pus is gradually discharged from its reservoir, and 



116 HUMAN PHYSIOLOGY. 

Foimative venels and absorbents act in eoneert. 

m J I. m ■ I ■ -— iiMi^ — M-ir-i^MB -m^ — ■ — ~ 

the " occupation " of the pus-makers is soon " gone." The wJI 
builders also cease their work, and while the vacancy becomei 
filled up by contraction and deposition, the wall of defense, so 
carefully maintained so long as was needed, is now taken up 
by the absorbents, workmen which seem to know just when, as 
well as how, to do their duty." 

172. Here you have concert of action exemplified in a 
complicated set of associated actions, to accomplish a tempo- 
rary purpose. These actions, as you see, change in the 
different stages of the process, each one being performed just at 
the time, and during the period that it is wanted. And when 
the temporary purpose aimed at is accomplished, the vessels of 
the part resume at once their ordinary duties. It is to be ob- 
served also, that the concert of action is not confined to the 
formative vessels; but it appears also in those vessels called 
absorbents, of which I shall speak soon more particularly. 
And these two sets of vessels do not interfere with each other, 
but have a sort of agreement together in accomplishing the. 
general result. This concert of action is plainly seen amonff 
the absorbents, not only in this case, but in all the cases that I 
have cited as exhibiting it among the formative vessels. For 
example, in the case of the frog (§ 167) while the formative 
vessels are constructing the legs, the absorbents are removing 
the tail. So in the case of the teeth (§ 166) while the 
formative vessels are constructing the second set, the absorbents 
remove the ends of the fangs of the teeth in the first set, so 
that they are loosened in their sockets, and are thus taken out 
of the way of the coming teeth. And indeed, wherever there 
is formation, there is absorption; and the same concert of 
action always appears. 

173. I have spoken of the great variety of structures, which 
are made out of the same material, the blood. Besides this, 
all the different secretions are also formed from the same 
material. This appears wonderful when we look at the differ- 
ence between such secretions as the tears, the ear-wax, the 
gastiic juice, the bile, &c. And it appears more wonderful still, 
when we consider that these various glands, or factories, as we 
may call them, are built from the same material out of which 
they make their products. There is one curious exception to 
this. It is in the case of that large gland, th§ liver. This 
gland is built &nd kept in repair, like all the other glands, by 
arterial blood. But while they make their secretions out of 
this arterial blood, the liver makes its secretion out of venoms 
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blood, which is brought to it for that purpose as described in 
§ 108. 

174. Thus, al] the solids and fluids in the body are made 
from the blood. Even the heart itself is made from the blood 
which it pumps out into the aorta ; for from this aorta go out 
some small arteries, to carry blood to the walls of the heart for 
its growth and repair. These arteries are represented in 
Fig. 31. 

175. There is not only construction going on in every part 
of the system, but there is waste also. The wear and tear of 
the ever-moving machinery continually makes some of the par- 
ticles useless, and these must in some way be removed. I pro- 
pose now to show how this is done. 

176. There are two kinds of waste particles ; and for the dis- 
posal of them two different plans are pursued. Some of the 
waste particles, though wholly useless where they are, can be 
rendered fit to be used again by being subjected to certain pro- 
cesses. These, therefore, are not thrown out of the system, but 
are taken up by absorbents, and are carried where the neces- 
sary processes can be applied to them ; and then they are in- 
troduced into the blood, to make again a part of the building 
material. But there are some waste particles that can not be 
used again ; and these are so managed as to be got rid of at 
various outlets of the system. These two kinds of particles are 
taken up by two different sets of absorbents. The selecting 
power which they thus exert is as unerring as if they were pos- 
sessed of intelligence ; and it is wholly unaccountable, although 
some physiologists have attempted to explain it. 

177. The particles which can be used again are taken up by 
absorbents, which are termed lymphatics. These vessels are 
much like the lacteals, the absorbents in the intestines. They 
unite together, as they come from all parts of the body, into 
two trunks. One of these is the thoracic duct (described in 
§ 91), which is the common duct, both of the lymphatics 
and the lacteals, (Fig. 17,) and in which the chyle and the 
lymph, as the fluid in the lymphatics is called, are mingled to- 
gether. The other trunk, which receives the lymph from but a 
small part of the body empties its contents into a large vein at 
the right side of the top of the chest. The largest part of the 
lymph, therefore, unites with the chyle, and is poured with it 
into the circulation, and the rest reaches the same destination 
by another way. It all becomes with the chyle a part of the 
blood. But before this is done it passes, like the chyle, through 
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glands, in order to fit it to become again a part of the bnildijij^ 
material of the body. These glands are every where in tfis 
track of the lymphatics. They are often enlarged from disease, 
and then they can be readily felt. This is often the case with 
these glands in the neck. In relation to tliis appropriation of 
waste particles, which I have thus described, it may be truly 
said that man lives in part upon his own flesh. 

178. Those waste particles which are entirely useless are 
taken up by the veins directly into the circulation. They then 
travel the rounds with the blood, and are thrown off from tlie 
system by organs appropriated for that purpose. These organs 
are the lungs, the skin, the hver, the kidneys, &c. Each of 
these excretory organs is fitted to throw off" its particular part 
of the waste. Thus the lungs, excrete a kind different from 
that which the skin does ; and so of the rest. The lungs, as 
you saw in the chapter on respiration, throw off in the form of 
carbonic acid gas, large quantities of the carbon evolved in the 
wear and tear of the system. The liver, the skin, &c. throw 
off parts of the waste which differ from that which is thrown 
off by the lungs. Why it is that the waste matter is thus in- 
troduced into the circulation to be carried to the excretory or- 
gans, instead of having special channels apj»ropriated to the 
particular office of carrying it to its outlets, we know not. And 
how it can thus be mixed with the blood, and be carried about 
the system without proving noxious, is a mystery. That it can- 
not be long retained in the blood without doing injury, is shown 
by the evil results, which come from a suspension of excretion 
from any of the organs that I have mentioned. 

179. It is interesting to observe that some of the excretory 
organs perform other functions besides that of mere excretion.* 
Thus the lungs, while they excrete carbon, absorb oxygen, 
without which life could not go on. At the same time, too, 
they act as the bellows for the organ of the voice, the larynx, 
as you will see in the chapter on that subject. So also, the 
liver, while it excretes what would be noxious if it remained in 
the blood, puts its excretion into such a form, that it proves, as 
you saw in the chapter on digestion, an auxiliary in some of 
the processes of the digestive organs. 

* The words excretion and secretion, are often applied to the same thing. Excretion, 
strictly speaking, should be applied only to something to be throton off. and not to ■o m e- 
thing formed to be used. But sometimes an excretion is so formed, that it can be OMd, 
and then the word secretion is also applicable to it. Thus the bile, while it b aa fls- 
eretion containing noxious particles to he thrown off from the system, is pat to on 
and so it is as often called a secretion as an excretion. 
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180. The Bkin, while it is an extensive excreting organ, per 
ibrms other important offices. It serves as a firm yet very 
flexible and soft covering to the body, protecting its internal 
parta from injury. It is fiighly endowed with ntrves for two pur- 
poses— the onp, tbat it may net as a sentinel to warn of danger ; 
and the othur, that it may be the seat of the sense oftouch. 
3Tiat you may see how well it is fitted nu. jg. 

fo perform these various functions, 
I will describe here ita structure. 
ItWiat is very commonly spoken of as 
^e skin, is not really the skin, but 
bnly a oovering for it. When the 
skin is rubbed ofT, as it is expressed, 
it is only this covering of ttie skin, or 
fea h'cfc, which is removed. The akin 
|wl)ichis raised by a blister is this cii- 

rle. The great object of the cuticle 
to protect the true skin, which is 
Wery highly endowed with nerves for 
ijthe purposes mentioned above, and 
Which therefore, if uncovered, would 

Jirova a source of severe sufienng As 
tis, the cuticle protects the skin effi-c 
'tually, and yet does not interfere with 
'its fuoctions as the organ of the sense 
pf touch. It ia of 80 slight and so 
loft atexture, that the nerves oftouch 
may readily receive impressions 
Ihrcrugh it. It is composed, as yoa 
trill see in the next chapter, of many 
layers of minut« round cells, the 
outermost layers being made up of 
ftose cells bruken, and emptied of the 
Quid which they contained The 
Irae skin, which the cuticle covers, is 
at ft fibrous texture, with a good 
lupply of both nerves and blood \es 
lela. On the surface of this true skin 
next to the cuticle are eminences called 

lapillee. In these are seated tbt ex 

remities of the nerves of touch 

^g. B8 represents a highly magni- 

ied section of a bit of the skin &om 
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Tubing in the skin. Insensible perspiration. Sebaceons glandi. 

the sole of the foot ; a is the cuticle ; c is the true skin ; 6 re- 
presents the papillae. You observe that the deepest layers of 
the cuticle, next to these papillae, are more colored than the 
outer ones. The coloring matter of the skin is situated here. 
You observe also a tube which runs up through the cutis or 
true skin and the cuticle, and in the latter part of its course 
has a sort of cork-screw arrangement. This is the discharging 
tube of the sweat-gland, c?, lying within the true skin, and su^ 
rounded with globules of fat. These glands are more nume^ 
ous in some parts of the skin than in others. They are par- 
ticularly numerous on the palms of the hands, and on the soles 
of the feet. Mr. E. Wilson counted, with the aid of the mi- 
croscope, 3528 of them in a square inch on the palm of the 
hand. Reckoning the length of one of these at one quarter of 
an ihch it gives 882 inches or VSJ^ feet of tubing in this small 
space. He calculated the amount of this tubing in the skin of 
the whole body as being 48,600 yards, or nearly 28 miles. 
The amount of excretion from the seven millions of these tubes, 
which open on the surface of the skin, is very great. Many 
experiments have been tried to determine what the amount 
is in 24 hours, but approximations only to the truth, of course, ■ 
could be obtained, and the results of the experiments have 
diflfered much. While the excretion is great in amount, it ia 
very important. It is, as you have seen in the chapter on 
Respiration, a great means of regulating the temperature of 
the body. It is also the means of discharging from the body 
a portion of its waste. This waste is dissolved in or mingled 
with the water or vapor of the perspiration. The perspira- 
tion is ordinarily insensible, as it is termed ; that is, it is in the 
form of vapor. But sometimes, as in vigorous exercise, when 
the sweat glands are rendered very active, chiefly to prevent too 
fgreat an accumulation of heat, the perspiration becomes sensible, 
181. There is another set of glands in the skin called 
sebaceous glands, which secrete an oily fluid. They havQ 
also thin tubes like the sweat glands. They are most 
abundant where the skin specially needs an oily lubrica- 
tion, as where there are folds in the skin or hairs, or 
where the skin is exposed to friction, or to the diying atmos- 
phere. They are very abundant on the face and head. The 
amount of the oily secretion of these glands is very great in 
the skin of races fitted to inhabit warm climates. Every hair 
has sebaceous glands connected with it, as represented in 
Fig. 59 ; in which b is the hair emerging from the skin ; 
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a a ars the sebaceous glaods pouring their 
Becretion hj thio tubes iuto the tube or 
caoal in which the haii grows ; c the root 
of the hair eorroanded with fat globules. 
From all this you see that the skin, with 
ils two sets of glands and tubes, its nerv- 
ous papillae, and ils layers of constantly 
renewed cells, making the cuticle, is a 
complicated organ, and is thus fitted to 
]>erform its functions as an organ of kcu- 
aation, and at the same time of excretion, 
while it is also a pliable but firm cover- 
ing for the body. 

182, You have seen in the feofa de- 
veloped in this chapter, that there is con- 
Btanc change going on in all parts of the 
body. Particles which have become uso- 
I^ are takeo up by the absorbents, while 
tjie formative vessels deposit others to take 
'their places. The rapidity with which 
this change occurs, depend mostly upon 
'the actirityof the individual. The busy 
laborer, whether the labor be bodily or m 
nourishment than the indolent man, because there 
waste in his case, from the wear and tear occasioned by motion 
«r thought, and there m therefore a necessity for a larger sup- 
ply of repairing material. The difference, it is true, is not as 
vgrest in regard to mental labor, as in regard to that of the 
body ; but still it is very apparenL This dependence of the 
lamount of change in the svstem upon the degree of activity is 
■very manifest, if we oompiife different animals together in this 
.feapect. I have already contrasted the frog and the canary 
bird in regard to respiration (§ ISQ,] and they can be con- 
'trasted in this respect also. Aa the frog makes but little 
'exertion either of body or mind, there is but little change in his 
body, and but little nutriment is required to supply the small 
iwaate that occurs. But in the ever active canary there is 
Imuch waste from this action, and therefore there must be much 
feating to supply the material of repair. As he sings and hops 
'from peroh to perch, his mind as well as his body ia vastly 

I active than that of the fro^; and so the particles in his 
and nerves, as well as in hia muscles, are oftener changed. 



I, retpiircs i 



I 

4 



liiberDiiting animal in winter, nitli his 
■m weather. In his torpid slate life is 
dormant, alraoat at a stand still, sometinies entirely so. Ana 
the more perfect the quiescence, the leas is the change, and tlw 
lesa, therefore, the need of nutrition. The fat which he lajs 
up in the autumn (§ 65) answers all his necessities both hi 
nutrition and for he^t. 

183. The proportion, thus seen to exist between the amount' 
of change and the degree of activity, is exemplified in a com- 
parison between different parts of the body. In those wbich 
are moBt actively used the change of decay and repair is going , 
on most constantly. The active muscles and nerves are con- 
tinnally changing ; while the bones, which are only passive in- 
Btmmenta of motjon are changed very slowly. And it is a sig- 
nificant fact, that in the case of the muscles and nerves, tha 
waste particles are to a lai^e extent of the entirely oseless kind 
(§ 179), foT they are mostly absorbed by the veins, there 
being in them but few lymphatics. That is, whenever wa 
think, or feel, or move, we render entirely useless quantities of 
the particles which make up the structure of the muscular and 
nervous systems, and these are got rid of at tlie proper out- 
lets, while other particles immediately t^lie their places. 

184- It is 8 very prevalent notion in the community, that tha 
human body changes throughout once in every seven years. 
But you have seen that the change is very unequal in different 
parts of the body, and is dependent to a great extent on cir- 
cumstances. Sometimes very rapid changes occur. Thai, 
when one has been much reduced by sickness, and then on re- 
covery quickly regains his usual bulk, the body is very eirten- 
sively changed in a short period of time. Ordinarily the clr- 
cnrastance which most influences Ihe change is, as you have 
seen, the d^^e of activity which exiats, whether we look at 
an animal as a whole, or at the tissues separately. 

185, In this constant change going on in the body, life and 
death may be said to be brought into veiy near companionslup. 
Every act of the mind, and every movement of the bijdy breaks 
down some of the structure ; and the particles, which are no 
longer fitted to mdntain the living functions, must be taken 
away as refuse dead matter, and new particles endowed with 
vital affinities must take their place. Action, destmctioo, 
repair, are the successive events which are ever occurring ia 

in every part of our frame. Action is Mowed by det =— ^ 

and in proportion to its intensity ; and repair ia neo 
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fit for further action. And so through life the nutritive func- 
tions are thus struggling against the tendency to decay and 
death, till at length at the appointed limit the struggle is Mvon 
over, the .vital affinities release their hold, the common laws o^ 
dead matter take possession of the body, and the soul passes *^ 
a world where decay and change are unknown. 



CHAPTERIX. 

GELIrLIPS. 



186. Ik previous chapters, in treating of the construction of 
ihe body, I have spoken of tJie formative vessels in accordance 
with the common language of physiologists. The common 
idea has been hitherto, that the work of construction is per- 
formed by vessels appended to the capillaries. The capillaries 
were considered as the repositories of the blood, they receiving 
it from the arteries, and holding it in readiness for the use to 
which it is to be put by the formative vessels. These formative 
vessels, it was supposed, exercised in some way a power of se- 
lection in regard to the constituents of the blood, and also a 
power of uniting the constituents thus chosen into particular 
forms. In this way physiologists accounted for the formation 
of all the different structures in the . body. What shape these 
formative vessels had, or how they were arranged no one pre- 
tended to know. But of their existence no one had a doubt, 
for there seemed to be an absolute necessity for supposing some 
apparatus of vessels appended to the capillaries for the per- 
formance of this function. 

187. But the microscope has of late years revealed pheno- 
mena which have changed our ideas on this subject, and 
which must to some extent change our modes of expression in 
relation to it also. It has showed us agencies which differ 
from those which we had supposed lo exist. The subject is an 
mteresting one, and I propose in this chapter to give you some 
glimpses of this interior life, as it may be termed, of the body. 

188. It is found by the aid of the microscope, that all the 
minute operations of the system are performed by the agency 
of cells. They are not such cells as I described in § 64 as 
existing in the cellular tissue, which are mere interstices, com- 
municating together. But they are bladders or sacs, and ara 
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filled either with & fluid alone, or with a fluid c ^ 

graiuB of solid aubstanoe, tcnned molecules. The dbuoI took d 
the cell when it first appears is globular or spheroidaL it it 
Beldom, honever, seen in this form ; (or, besides the chaam of 
(urm from the prepare of Deigbboring colls, the cells a/at- 
eelves often change into varioua shapes, as you will sea h 
another part of this chapter. 

189. Cells can be seen in t^e blood. K the web of the GM 
of a life frog be placed under the microscope, joa can ho 
ihem sweeping along in the blood vessels, like so many littla 
bladders, varying their shape, according as they press on each 
other, or on the sides of the vessel. This is very well repre- 
sented in Fig. 60, in which a portion of the web of a frog's foot 
H seen aa magnified 110 diameters. The dark irregul^ epoU 
wbich you see, as at 3,3, are pigment cells, which give tba._ 
"nlor to the part. 




190. Cells may be seen in most of the fluids h«ade* 
blood, and abo in the solids. The sohd parts of unimul bodidl^^II 



wra composed either of ceils, or of structures produced by cells, 
or of a mixture of theaa structures with cells. The same can 
be said also of plants. Cells, therefore, ate the real formativt 
Teasels in both elates of organized beings. 

191. We have rery striking exhibitions of the pig. bi. 
cells in the lower orders of animals. The Hydra, 
a representation of which ia given in Fig. 1, 
Beems to be made up of little else than cells, 
ilf yoQ observe under the microscope one of its 
&rm9, as it moves about, the motion appears to 
be a motion of the cells upon each other. 
There are no fibres to be seen, to which the mo- 
tion can be attributed. Fig. 61 represents one of 
these vms highly magnified. The cells, as you 
see, have somewhat of a spiral arrangement 

192. The character of many of the tissues 
in the body depends on the contents of the 
cells. The ceU itself, or the c^ll-wall, as it is 
termed, ia considered to be always the same. 
But the contents vary, and this variation makes 
generally the variation in the character, and in 

' Ute color also, of the various textures. For ex- 
ample, all the glands are constructed essentially 
on the same plan ; and their difference depends 

: upon the contents of the cells in them. Thus 
the liver differs from the tear-gland, chiefly be- 
cause the former has cells which fill themselves — h^^" ~" 

ifrom the blood with the components of bile, while 
the other has cells which fill themselves with the components 
of the tears. The color of various parts, as the iris of the eye, 
the skin of the dark-colored, the hair, Ac, depends upon a 
coloring matter, which constitutes either a part or the whole of 
the contents of particular cells. So in plants the various colors 
displayed result &om the various coloring matters which cer- 
bun cells contjun. Some contain yellow coloring matter, others 
red, ia When various colors appear together in any flower, 
there are, where the colors bound upon each other, cells lying 
Bide by side whiuh contain different coloring matters. And in 
the shading off of the colors, the etTect is produced wholly by 
the variation in the quantities of tite coloring matter in the cells. 

193. It is clear trom the facts whj<i!i*have been stated, that 
tbe cells have a selecting power. In the body they take from 
the common pabulum or material, the blood, such constitnenta 
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or eubatauces db thej need foe their particular purposes. 1 
have already givisn illUBtrations of this, in Bpeaking of tha 
^{Terence in the gknda. This selecting power is seen in the 
cella everywhere. Every cell contains its own pecuhar congtS- 
tuents, which it baa takes from the blood. For example, ihera 
are fat-oells which receive fatty matter from the blood, rejecting 
every tBing else ; pigmentary cells receiving nothjiig but color- 
ing matter from the blood, &c. The same thing appears too 
in plants. There are cells wbich receive &om the sap volatile 
oil ; others, fixed oil ; others, starch ; others, coloring matter, 
Ac. 

184. Fluids, and aometimea gaaee enter the cells continually. 
The pores through which they enter are not visible even 
through the microscope, but of course such pores must exiat. 
Their entrance is controlled by the selecting power to which I 
have alluded. 

1S5. This selecting absorption thus performed by cells, at 
revealed by the microscope, is one of the most wonderful and 
mysterious phenomena in the material world. There is hers 
a power in these cells which is unaccountable. The selection 
is made by the little cell as nnerringly, as if its pores were con- 
trolled by an intelligence residing there. It has been said that 
this seiectioa is a mere result of affinity ; that a certain affinity 
exists between the contents of the c«ll, or the cell ittel^ for the 
constituents which are absorbed. But if it be so, the mystery 
comes no nearer to being solved than before. For how are 
these affinities, so numerous and various, established, aud wliat 
are the principles by which they are governed ? In cither 
case the wisdom and power of the Creator may be considered 
OS making, in this minute interior life of all organized sub- 
Btances, some of their most wonderful manifestations. 

19G. There is not only a selecting power in the cell, but there 
is often a converting power, by which new compounds aro 
formed from the constituents introduced into it. The cell in 
this case, though so small as to be seen only by a microscopo 
of considerable power, is a real laboratory, effecting chemical 
changes in its contents. There can often be seen quite a brisk 
movement in the molecules in the cell while these changes itre 

197. Some cells produce father c^Us. This is the sole office 
of some of them. In' some cases new cells are made by a 
•eparation of a cell into two or more. A sort of hourglaw 
contraction takes place at the middle, by an inflection o 



mg in of the inner cell-wall, for the cell baa two walls. At tha 
lame time the cell becomes elongated. An entire separation, 
into two cells ia thus, after a littJe time, etfected ; and then each 
of these cells becomes two more, and bo on. In other caaes 
cells are formed within cells. When this takes place, the 
uucleua, that is an aggregation or moss* of solid matter in the 
cell, separates into two diSerent parts, eacli of which Las a cell 
I formed around it. 

106. Cells, as you have already seen, do not a!! perform tha 
Bame office, but there are cells for a great variety of purposes. 
A consideratioQ of these will develops to you still greater won* 
ders in the cell-hfe, and show you in the most interesting man- 
ner how great the Crealor is in the minute operations of nature, 
ss well aa in those which are large and obvious to the naked 
eye, 

199. There are different kinds of cells in the blood. There 
' tie colored and colorless ones. The office of the colorless ones 
, has not yet been satisfactorily determined. But we know mora 

about the colored ones. These give the red color to the blood. 
I They are not red when looked at singly, but are of a yellow 
I cast ; and the red color appears only when several are together. 
I One office of these colored cells is to carry o:sygen to all parts 
■ of tha system, and return the carbonic acid to the lungs to be 
' thrown oS. By carrying these cargoes back and forth in the 
circatation, these Uttle cells perform a very important office. 
I A very valuable part of the cargo of tJiese cells is iron. In low 
;i states of the system, when the red cells are deficient, the ad- 
n ministration of iron in some form is often found to be very 
I effectual, in connection with a good diet, in remedying the defi- 
ciency. The proportion of these red cells varies much in 
different animals. It is largest in those which are the most 
active, and which, therefore, as you saw in the chapter on 
Respiration, consume the largest qnantity of oxygen. The 
proportion is greater generally in birds than in the mammalia, 
and it is much greater in the latter than in reptiles or fishes, 
man it varies much in different individuals. These cells 
are abundant in the ruddy, strong, and acUve ; while it is other- 
vise in the inactive, pale, and feeble. 

200. There are cells for absorption, and cells for secretion 
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and excretion. Of these I will give some examples 
said in the chapter on Digestion, that the Tesscls called lactealt - 
absorb clijle from the conteaU of the inteBtinc. It was formerly 
suppoaed that they did this through their open mouths on tha 
Boiface of the mucoua membrane. Bat ttie microscope lot 
Khonn that this is sot so. The absorption is accomplished by 
cells, which are developed for this purpose at the extremities 
of the lactcals. They take up the chyle and discharge it into 
the lacteala, and they are dissolved away in the very act of 
emptying themselves, A new crop therefore of cells appeals 
eve-y time the process of absorption is to be performed. And, 
wha! is still more cuiioua, every time that absorption is to take 
place, there is cast off, as a preparatory step, a sort of pavement 
of c«IIs 'Tom over every point in the mucoua membrsDo where 
there is n extremity of a lacteal. The absorbing cells are 
thus unGov:Ted, so that they can perform tiieir duty. All this 
can be made clear by the, following diagram. I must premiss 
that the sm^ of tlie mucous membrane of the intestine is not 
a perfectly smw h surface, but examined by a microscope it isL .< i 
seen to be covered with eminences and depressions. Ahsoi 
tion takes place on the eminences, while the depressions d 
the Beats of secretion. In the diagram, Fig. 62, you havr 




representation of the arrangement of one of the e 
highly magnified. A, represents it as it is in the inlerS 
of digestion when absorption is not going on, 
daring absorption ; a a are the absorbent vessels or lacteala ; 
b b basement membrane, as it is termed, an exceedingly ll ' 
membrane acting as a basement to the pavement cells e c ' 
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the absorbing cells. When absorption is not going on, the 
prominence is somewhat shrunken, and the pavement cells 
eover it There are some granules or smaU grains, d, in A, 
which are, it is supposed, the germs of the absorbing cells, 
which you see developed in B. When absorption is taking 
place, Ulc prominence is swelled out as represented, the lacteal 
vessels are full, and the absorbing cells ^pear at their ex- 
tremities, while the pavement cells have been thrown o% so 
that the chyle may have free access to the absorbing cells 
through the pores or interstices of the basement membrane. 

201. While absorption thus goes on in the eminences, 
flecretion takes place in the depressions. The diagram, Fig. 63, 

FIG. 63. 
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DIAGRAM SHOWINQ eSCIUSTION IS A MUCOUS MBMBRAIiifi. 

represents one of these depressions, or follicles, as they are 
termed, in two opposite states, when secreting, and when not 
secreting. In Al, secretion is not going on, and the cells e, in 
the follicle remain quiet In B, on tibe other hand, secretion 
is taking place, and it is done by the casting off of cells, as 
represented. These cells discharge their fluid contents into 
the cavity of the intestine, and disappear, while other cells take 
their places. These follides are really little glands. And the 
various glands, the salivary glands, the liver, the pancreas, <S^., 
are made up essentially of such follicles arranged in different 
ways. You see, therefore, in this diagram, the manner in 
which secretion is effected everywhere. The secreted matter 
is received by the absorbing cells, through the interstices of the 
basement membrane, from the blood in the capillaries which lie 
under tliis membrane. 

202. The pavement cells, of which I have spoken, cover 
every part of the mucous coat or membrane, and answer as a 
protection to it. There is a similar arrangement over the 
whole outer surface of the body. Kbxt to the true skin is a 
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basement membrane, and upon these, aa in tbo case of thfl 
macous coat of tlie alimentary cjinal, lie pavement cells. Tbeaa 
cells, coDEtituting the cuticle or Ecarf-akin, are much moK 
numerous tbau in the alimentary canal. There are many 
layers of them. The outer cells dry by exposure to the ^, 
and become Hoales. Aa these are rubbed off, the cells below 
take their places ; 5nd there is a constant supply of fresh oelle 
from the basement membrane. 

203. There are some cells which are devoted eDilrely to the 
production of motion, for as ordinary muscle is composed of 
great sumbeES of chains of cells included in sheaths bound to- 
gether. A muscle appears to the nuked eye to be made up of 
fibres. Each one of these fibres is found by the miscroscope to 
bo composed of from 600 to 800 JibriUce, or minute fibres. 
And each of these fibrillae is a series or chain of ceils. In Fig. 
64, a, ia represented a fibre as seen under the microscope 
no. OL 
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ahowing the fibrillse of which it is com- 
posed. They are separated at the broken 
end by the violence in tearing the fibre. 
In i, yon see one of the fibrillie very highly 
magnified, showing that it is a cb^n of 
cells. In the diagram, Fig. 66, is repre- 
sented the condition of a fibrilla in the 
two states of contraction and relaxation. 
In a it is relaxed. In b it is coutracted, 
the cells being shortened, and at the same 
time widened. And as all the cells in the 
muscle are thus widened when the musclg 
contracts, we see the cause of the well 
known swelling out of muscles when they 
are in action. That you may form some 
idea of the size of these cells in muscles, 1 
will state that in the space of the square 
of a tenth jiart of an inch, thus, there musouiar FiBRtt" 

*re over 100,000 of these cells, '-' When 




B large muscle cotitrauls nbat an inuumerablo multitude of 
these cells are set in action ! 

204. There are cells whose office it is to make certain solid 
deposits. Hoofs, horns, nails, and l«eth are made in this way. 
£ven the hard enamel of the teeth is coustmcted by cells. 
Thef deposit it in the form of prisms of hexagonal shape as 
seeu in Fig. 66, which represents a vertical section of enamel 
as Been under the microscope. Their shape is more plunly seen 
in A, Fig. 67, which representa a transferee section of enameL 
The line of these prisms is generally wavy, but they are for the 
most part parallel to each otlier. At B are some of these prisois 
separated. They are more magnified here than in Fig. 66. 




30S. Perhaps the most wonderful exhibitions of the flinctioDi 
f the cell are presented to us in the nervous system. The 
t nerves are bundles of tubes oi exceeding fineness. They vaiT 
L fi-om TiVirth to n.im th of an inch in diameter. Now, eadi 
I of these little tubes, or tubuli, as they are called, was once ■ 
J chaia of cells. The cells iu each ch^n or row, as the micros- 
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cope has shown, gradually hecame incorporated (ogether to be- 
i a tube, and ia tliis tube m contained the true nerront 
matter. And it is supposed th»t each of these tnbuli preaerrea 
itself separate and distinct, from its origin in the brain, or some 
other of the central organs of the nervons ayst«tn, to its ter- 
mination in some fibre, or on some sur&ce. For no comnAini- 
cationa between the tuhnli haye OTer been found by any micros- 
copist. The manner in which these tubuli are made from cells 
may be illustrated by the diagram 
in Fig. 68, in which the steps by fk=- ^ 

which the row of cells A becomes A B 

the tube B are represented. 

206. It is these tubuli, tlius 
formed from cells, that constitul^ 




sof n 
tion between all parts of the sys- 
tem. Thus, when a muscle con- 
tracts in obedience to the will, 

an impression is conveyed through those tubuli that connect the 
brain with the flbreB of the muscle, or rather with the cells of 
which these libres are composed. These tubuli exist in all the 
nervoa, and in the white parts of the brain and spinal marrow. 
They transmit, but they have nothiug to do with originating 
what is Uanamitted. This is done by another part ofthe nervona 
system, the reddish gray substance, which is seen in the brain 
and spinal marrow, as entirely distinct from the white portion. 
This gray substance, in which aU nerve force, as it is termed, is 
produced, is made up chiefly of cells. These cells, which hava 
a nucleus or central particle, are originally globular, but many 
of them assume various shapes, and often shoot out branches. 
Some of the shapes are very fantastic as represented in Fig. 69> 
These are magnified 200 diameteis. ^ 

207. In the views which IJiave given of cell-life, I have 
attempted to describe all the phenomena which have been 
covered, but only enough of them to give the student a gei 
view of this interior unseen life, that is at work so busily at. 
every point of every living substance. The cell, you have seen, 
performs a great varie^ of functions. It is the agent by which 
all vital operations are carried on. The very beginnnig of life, 
so far as we can see, is in the cell which the microscope reveala 
Its Srst manifestation is here. We can suppose & gefm 



icbes. 
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of a cell, but we do not see it if it exist. 



208. All animated nature is built up by cells. The i 
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tiling which comes &om the anpposed germ is a cell. Aod 
tiiis Binjle cell is the parent of aH the cdls which build up the 
whole stmctitre, nhatever it be. It is hj these cells thus pro- 
doced, that all plants and animals are constructed. "A globu- 
lar mass," says Carpenter, " containing a large number of cells 
is formed before any diversity of parts shows itself; and it is 
l^ the subseqaent dcyelopment, from this mass, of difTercnt 
seta of cells, OT which some are changed into cartilage, others 
into nerve, othere into mnscle, others into vessels, and bo on, 
that the several parts of the body are ultimately formed. Of 
the cause of these transformations, and of the regularity with 
which they take place in the different parts, according to the 
trpe or plan upon which the animal is constructed, we are en- 
tirely in the dark ; and we may probably nev«' know much 
more than we do at present" 

209. A beaa^ul exemplification of what has jnat been stated 

it seen in the development of the animal in the interim of an 

egg, and particularly in the egg of the Inrd tribe. Br an ex 

12 



ammation of different eggs at differeut stages of the process rf 
hatching, the various st^ps ia the development of the animal 
have been observed and noted. • It is a Beries of most wonderful 
processes, that go on wneealeJ from our viow by that sym- 
metrioal inolosure of lime. Of these I will present the general 
outlines. In the middle of the egg ia the yellow yolk, com- 
posed of albumen and oil globules. It is Borrounded by an ex- 
ceedingly thin sac, which keeps it separate tram the albnmeo, 
the white of the egg that envelopes it. The yolk, b. Fig, 70, ' 
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lighter than the wAite,and it therefore always seeks the higheat 
point in the egg. But there ia a particular contrivacco which 
prevents it from actually touehing the shell. It is held down 
by two very delicate ligaments e,f, connecting it with the white 
lining of the shell. And you will observe, too, that the cica- 
tricula, or germ-spot, a, which is a collection of cells beginning 
the process which is to form the animal, being lighter than the 
yolk is always at the top of it, in order to receive the warmth 
from the body of the bird as it sets upon its eggs. Besides all 
this, there ia at tbe blunt end of the egg, /, a bubble of air 
which is intended as an invigorating draught for the lungs 
of the young bird, preparatory to its bursting its shell, 

210, When the processes preparatory to the formation of the 
animal commence, the yolk itself is composed in part of cdla, 
aa represented in Fig. Tl, A. In the midst of it there ia « 
germinal ipot, a, with a vesicle in it, b. This veaicle prodot 
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compoae tte yolk are temporary and all disappear. 
however, the cluster of cells in tha germioal spot disappear, 
there are seen id the midst of them two twin cells. These 
multiply ; and what is singular, they do it by doubling, so that 
there are successively 4, 8, 16, 82, ibo. At length ^ere is a 
mass of them, like a mulbetrr, as at f, in B. This mass then 
eends off cells at its edges wnich makes a layer,/ all lound 
the yolk as represented in 0. A second layer, ff, is fbrroed 
inside of the flist as seen in D. In the case of the higher 
animals a third layer b added. 

211. Iliere is no formation of the animal yet. But now a 
single large cell appears in the centre of the mulberry-shaped 
mass of cdls, and from this be^ns the formation of the animal. 
All the other parts of the egg — the cells, the yolk, the white— 
are tributary to the action which proceeds from this cell. 
'Within its wall is a rin^-like nucleus. This takes the shape of 
a pear, and then it is afterward very much like a violin. 
From this nucleus are produced cells which form all ths 
vanous parts of the animal, the heart, lungs, stomach, brain, 
limbs, Ac And these are made out of the yolk aod the white 
of the egg. 



212. There is odg contriTance maJe use of during this dfl" 
relopraent of the animal, wliich must not pass unnoliced. A 
very delicate bag, called ihe allantcns, \» formed, which ia altatli' 
ed to the embryo, and at length almost enrelopes it The oSra 
of this is to eiiiose the blood of the embiyo to Qm air. This ia 
accomplished through the pores of the shell, agdnst which the 
all&ntoie with its minute blood-vessels presses. This organ u 
in fact the temporary breathing apparatus of the developing 
animal. The development can be arrested by smearing over 
the egg vrith some substance that will prevent the entrance of 
air through the shell. When the animal is fully developed, 
and ia ready to come forth from his prison, he inhales the air 
provided for hiin, as before described, and with the strength 
given to him by the stimulus of the aJr in his lungs, he hursU 
the crust of lime that incloses him. 

213. I have described these processes which take, place in 
the egg, in order that you may see the mysterious connection 
between the simple cells that form in the beginning, and the 
fiill development of the complete and diversified organization. 
In the tbroiatlon of all aniinaU, and we may say plants also, 
there b a similar connection, varied of course according to the 
dnnimstanees of each case. As we observe the various steps 
of the process, ibe mind is filled with wonder. As we look at 
the egg, containing nothing but a yolk surrounded by albumen, 
with its litiie cell of air at the end, and see it wholly separated 
from every living organization, shut up entirely by jlself in a 
wall of lime, we can hardly believe that the mer« application 
of heat will cause in the contents a series of processes, vhich 
will result ia an animal so complete^ that it can burst its own 
prison walls, and, as is the case with some of the tribe, at once 
walk forth into the open air- The processes by which all thb 
is effected have been narrowly watched by the eager eye of 
Bdentifio inquiry ; but the mystery remains unsolved, and pro- 
bably to man it will atn-ays remain so. 

214. From the views which I hare presented in this chapter 
it is manifest, that the grand distinction between organized and 
unorganized substances b to be found in this cell-life of the 
organized. In unorganized substances particles or molecules 
a» the only things which we know of as being concerned in 
lh#ir formation. But in the constmction of organised sub- 
stances or beings, every thing is done by the t^ncy of cells. 

• And in this cell-fife of the living world we have another beant' 
ful example of the divers and almost numberle«s results, w 
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Thtt power of the Deity ihown in the minute operations of Nature. 

le Creator works out by simple and single means. As gravi- 
.tion holds atoms together in masses of every size from the 
inutest to the largest, and keeps the mighty orbs in their 
)pointed circuits, so the cell-organization constructs and moves 
1 living things, however small, however large, and however 
versified. 

215. As we examine the various workings of this cell-life, w< 
Ln not but perceive the truth of the old adage, Natura in 
inimis mctxvma est — ^nature is greatest in its smallest things. 
lie power of mere bulk or mere force we can comprehend by 
ental addition, however great that power may be. We can 
lagine a po^er which we see, to be indefinitely multiplied, 
id thus can form the idea of immense power. But when 
ith the microscope we see minute cells working out such 
suits as we have contemplated in this chapter, and inquire 
>w it is done, we see that there is a hidden power here tliat 
i»rly defies our conception. The mechanics and the cheniis- 
y of the cell, who can understand them ? From the inscruta- 
e movements of this hidden power, at work wherever life is, 

the cells, its laboratories, we get a higher idea of Omuipo- 
nce than we can get from the grandest and mo^ terrific ex- 
bitions of mere force. We get from them the idea of an all • 
srvading, as well as an all-wise power, working not merely in 
^ery locality, but at every point of the universe. And the 
velations which the microscope makes to us seem to draw us 
jry near to the Infinite. As we gaze with wonder and delight 
; die secret operations of his power thus opened to us, we seem 
most to be admitted to his presence ; and even our awakened 
iriosity, amid the wonders now brought into our field of vision, 
>es not suffice to remove the awe which almost oppresses us. 

216. How great is the inner beauty of the living world 
'ound us ! We admire the symmetrical forms, and the beau- 
fiil colors which nature presents to us in such variety ; but 
lere is an inner world of beauties throughout nature, still more 
3rfect and resplendent, which is hidden from the naked eye 
' man, though it is all open to the Omniscient. K you would 
3t some idea of the beauty of this inner world, take the most 
alicately beautiful of all the specimens of man's workmanship, 
id examine it with a microscope ; and then compare it with 
)me living texture or coloring. Compare in this way, for 
cample, the most perfect painting of a flower with the flower 
selfl The painting loses all its beauty as it is magnified ; but 
i the bosom of the flower the microscope developes to you 
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The inner beauty developed by the microscope. 

beauties far transcending those which are seen by the unasasted 
eye. Even such living structures as are unattractive to the 
naked eye, present under the microscope wonderful beauty ia 
the delicate lines of their textures. It is true of every one who 
has used this instrument in his observation of nature, that he is 
impressed with the fact, that great as is the beauty of natnrei 
as we look out upon it, it is vastly inferior both in kind and in 
amount to that inner beauty seen so completely by the all- 
seeing Eye, and now developed to us in part by the aldU and 
ingenuity of man. And it suggests to us the hope, that in a 
new state of being, and with higher faculties, we Bnall be able 
to look ^u'ther into these inner beauties of the imiverse, thaa 
we now can with all the aids which our ingenuity can devise. 
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CHAPTER X. 



THE NEEVora SISTElt. 



21?. Tana far we have cotitempUted man merely as a struc- 
re. We Lave observed the means by which the body ia 
lilt and is kept iu repair. We have seen that in regard to 
ese fuactiona of nutrition, man and all animals have much in 
minon vith plants. So far aa these functions are concerned, 
ey vary from plants only in the modes by which the nutrition 

effected. The difference in this respect is not an essential 
le. The absorbents in the root of the plant do for the plant 
hat the lacteals in the digestive organs do for the animal, 
e difference between them being only according to the 
ffering circumstances. So also, drculation and formation are 
. all essential points the same in these two different depart- 
,enta of animated nature. The microscope has in the moat 
riking manner shown this to be true of formation, for vegcta- 
les and animals are alike constructed, as you have seen, by 
ills. 

218. The functions of which I have treated in the previous 
laptecs, as being common to plants and animals, are called the 
mctioDs of organic hfe, be^Muse they concern merely the struc- 
ire, the organhaiion. But there are other functions. The 
Ody, with all its complicated parts, is constructed and kept in 
(pair for certain «sm. These uses are secured hy the nervous 
^Bt«m, — a system, which I have spoken of in § 32, as being 
biperadded to what the animal has in common with the plant, 
pd which, therefore, constitutes the essential difference between 

i animal and the plant. This system furnishes the means 

'' ) relations of the animal to the world around him. He 
: impressions from external things through this 




■yatem; and through it he acta upon ostemal tbinga. Ha 
feels through the nerves, and by the nerves excites thoss 
motions by which he acta on both maWrial and immateriai 
existfinces. The funcUons, therefore, which are perfonned 
through this system, are called functions of animal life, in dis- 
tinction from the functions of organic life, which are comrooo 
to vegetables and animals. They are sometimes also calW 
functions of relation, in view of the relations which it eslab- 
lisbes between sentient and moving beings, and all external 
things. 

219. But there are intermediate instruments, through which 
the nervous system exercises its functions. The nerves do not 
themselves move, but they excite motion in muscles, and these 
move bones and other parts. Neither is sensation performed 
by the nerves alone. The diffiirent senses, for example, have 
different organs, with arrangeinenta differing according to the 
kind of sensation. Mere nerves do not alone see, or bear, or 
taste, or smell, or touch. There are special organs constructed 
for these purposes ; and through these the nerves receive im- 
pressions. Thus tie nerve of sight cannot of itself see ; but 
the eye being there, so formed as to have pictured on a mem- 
brane the images of objects, the nerve receives an impression 
from these images, and this impression is transmitted througb 
the trunk of the nerve to the brain, where the mind takes cog- 
ui^iance of it \ and this constitutes seeing. 

220. While then the nervous system is the great essential 
n Jans of connection between the mind and external things, 
there are other subordinate means, as we way consider them. 
They nee organs of various kinds, through which the nerves act 
and iiji! acted upon. The nervous system, therefore, may be 
viewed as pre.'ading over the sentient and moving macliineiy, io 
the oomplos structure of the human system, which we have 
been exsnuuing in the previous chapters. 

221. The nervous system in the lower orders of animals is 
very simple, and forms an exceedingly small part of the animal. 
But, OS we rise in the scale, we find that, as the limits of rela- 
tion to external things enlarge, this system becomes more 
prominent ; till, in man, in whom these relations, both mental 
and physical, are much more extensive than in any other 
animal, it ia veiy prominent and greatly complicated. 

222. The interest of the class of subjects, now to be opened 
to you, much transcends that of the suhjecta which we hm' ' 
already gone over. If you look at a child as it first opeoi 
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All kMwledge acquired and communioated by nerves. 

jyes upon this world, you see a being, whose senses are cora- 
laencing their work as inlets of knowledge to the soul within. 
N"othing is known at the outset, of shapes, or colors, or dis- 
ances, "or any other relations of things. This is all to be 
earned, through the nerves and their subordinate organs. And 
IS all knowledge is acquired through the nerves, so it is com- 
nunicated through nerves to others. It is communicated by 
ihe motions that are excited in the muscles by the nerves — the 
notions of the countenance varjring its expression ; the motions 
)f the limbs, or gestures ; but especially by the motions which 
produce and articulate the voice. Thought and feeling can be 
H>mmunicated in no other way than by muscular motion. 

223. From what has now been said, you readily see, what 
irill be the subjects of the third part of this book. They are 
liose which relate to the nervous system and its connections or 
lependencies. They are, the nervous system itself; the organs 
)f locomotion, the muscles, and the bones ; the voice ; the ex- 
[)Tes8ion of the countenance, and the language of the muscles 
^nerally ; the senses, with their organs ; instinct ; thought ; 
*eason. 

224. As preparatory to a particular view of these subjects, I 
will give you a general view of the nervous system, with the 
functions performed by the various parts of it. I shall reserve 
5or another chapter a particular view of some of the higher 
functions of this system, and a consideration of some subjects, 
which we can better examine after we have considered the 
3rgiuM of locomotion and the senses. 

225. The nervous system may be considered as having 
three parts ; 1, certain central parts, as the brain and spinal 
marrow; 2, nervous trunks, which going from these central 
parts divide and subdivide, as the arteries do, till they become 
exceedingly minute; and 3, the nervous expansion in the 
organs, having a relation to the nervous trunks similar to that 
wioch the capillaries bear to the arteries. In what we call sen- 
sation we suppose that an impression is produced in the nerv- 
ous expansion, that the trunk servto to transmit it, and that 
through the nervous centre, the bndn, it is communicated to 
the mind. 

226. Let us see now what is necessary to this compound act, 
termed sensation. First, it is necessary that the organ where 
the nerve is expanded be in a condition to let the nerve receive 
the impression. If the eye be so injured in its textures, that 
tbe impression can not be made on the nerve, there can be no 



vision. So, too, of the other senses. Taste and smell are often 
impaired, sometimes even destroyed for a time, by an inilsiB- 
mation of the mucous membrane, on wliich the nerves devoted 
to these senses are expanded. This is sometimes the case in a 
common cold. It is necessary also, that the trunk of the 
nerve be In a proper conditioD. !f the nerve of vision he 
jireBsed upon by a tumor, , there will be no impression trans- 
mitted from the ima;^ forraed in the eye. So, too, if a nerve 
going to any part of the body be cut off, there can be no trans- 
mission of impressions to tbe brain from that part. Again, it 
Is necessary to sensation, that the brain should be in a state to 
communicate the impression to the mind. If the brain be 
pressed upon strongly by a depression of the skull from 
violence, or by effusion of blood by the rupture of an artery, as 
sometimes occurs in apoplexy, there can be no sensatioQ. 
Eneitement of mind, too, sometimes prevents the occurrence of 
sensation, by ita action upon the connection between the mind 
and the brain. The pain of awovmd received in battle is often 
unfelt, until the excitement of the battle is over. The aching 
of a tooth is often stopped by the excitement consequent iqwn 
going to the dentist to have it extracted. I once burned my 
hand in the beginning of a chemical lecture, but felt no pain 
till I had finished it, and then the pain was at once very 
severe. In these cases the cause of the pain is acting all the 
while upon the nervous extremity, and the trunk of the nerva 
is capable of transmitting the impression, but the state of the 
mind ia such, and such is the consequent condition of the 
brain, that the sensation does not occur — one link in the neces- 
sary chain is defective, 

227. The same can be said, in regard to the necessity of 
each of these links of the chain, in relation to voluntary mo- 
tion, as well as sensation, llie brain must be in a condition 
to be acted upon by the mind ; the nervous trunk must be 
capable of transmitting the impression ; and the muscle moat 
be in such a slate, and in such connection with the extrema 
nervous fibres, that it can respond to the call of the brain. 

228, Before going further, I will give you some idea of the 
proportions and arrangement of the central organs of the 
nervous sj^tem. In Fig. '2 you have presented a general 
view of tliia system, — the central organs with the nerves going 
out from them. At o ia the cerebrum, the upper large brain, 
filling up a considerable portion of the skull; at b is tli« 
cerebellum, the lesser brain, lying beneath the cerebrum at JM 
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back part : at c is tlie great facial ccrre, the chief nerve of tha 
. face ; the spinal marrow, d. Bends off branches on either side 
in its whole length ; at e is the brachial plexus, a bnndla of 
nerves coming from the spinal marrow, which hero miiU 
together, and are then distributed to all parts of the arm ; tBt i 
is a similar plesus from which are distributed nerves to tJw 
lower extremity ; /, ff, and h point to diiferent nerves in tha 
arm, and I, m, Ti, and o to different nerves in the leg. Ton 
observe that the whole of Ibis nervous system is divided inltt 
esaetly similar halves. The cerebrum and the cerebellum are 
both double organs, and the cervea of one side are justlika 
those of the other. 

229, Hiiviiig thus obscrveU the general arrangement of tlie 
nervous systt^m, I call your attention nest to ibe arrnngemenl 
and structure of the brain which are seen in Fig. 73. Thi» 

FIB. T3. 




BRAIN AND RBRVES. 

Figure presents to view a perpendicular section of the brw 
miule from front to rear, dividing it into two halvee. 
liavo here a view of the inner surface of o. 
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3rm©d, of the cerebrum, the large upper brain, which is com- 
aonly described as having three lobes or divisions, a, the 
nterior ; 6, the middle ; and c the posterior. At / is the 
•road band of white fibrous matter, which unites the two 
alves or hemispheres together, of course divided in the 
action ; at c? is the cerebellum showing a peculiarly bf/autiftd 
rrangement, called the arbor vitce, or tree of life ; at ^ is the 
eginning of the optic nerve which goes to the eye ; I is the 
erve of smell ; e is the commencement of the spinal marrow, 
'he many nerves which you see, are distributed to various 
arts of the face ; the nerve at k goes to the tongue ; at t to 
hie throat, and at m to one of the muscles of the eye. From 
\ie beginning of the spinal marrow go forth many nerves, one 
f which, k, IS a very important one, as it sends off branches to 
\ie lungs, the heart, and the stomach. It is this part of the 
ervous system, the top of the spinal cord, that it is most im- 
lediately essential to the continuance of life. For it is by 
ieir nervous connections with the top of the spinal man'ow, 
iiat the heart and lungs continue to perform their duty. It 
as been ascertained, by experiments upon animals, that the 
erebrum, and even the cerebellum, can be destroyed, and yet 
ke animal wil continue to breathe, and the circulation will go 
n for some time. But the moment that this part of ti^e 
pinal cord, from which the heart and lungs are supplied with 
erves, is destroyed, the breathing and the circulation stop 
nd the animal dies. So, too, in apoplexy, if the effusion of 
lood take place at the top of the spinal marrow, death will 
ccur more certainly, and in much shorter time, than if the 
ffusion take place in the ccn'ebrum or cerebellum. 

230. You observe that the cerebrum has deep irregular 
irrows on its surface, and that it presents undulating tortuous 
•rojections. These are called the convolutions of the brain, 
nto the furrows between them dips down the membrane, in 
irhich branch out the arteries that supply the brain with blood, 
.nd the veins that return it from this organ. This membrane 
s from its soft and delicate texture, called the pia mater (pious 
nother) while the stout fibrous membrane, which lies outside 
►f this next to the bony covering is called the dura mater, or 
lard mother. The names are entirely inappropriate, for the 
atter serves as a protection to the brain, and the former is 
nerely a vehicle or medium for the entrance of the blood 
reesels into the brain. There is another membrane lying 
>etweeo these which is called the arachnoid membrane, be- 

13 
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caiiae in its tenuity and delicacy it resembles the BpidaA 
web. It is one of the serous membr'iaes, and it serves u a 
protecting envelope to the brain, and at the same time bv its 
serum, keeps this organ bedewed with moisture over its wools 
surface. 

231, The substance of which the brain is composed is vctj 
soft, sometliing llko blaoc mange It is the softest organ in 
the body. It is not uniform throughout in color. All around 
the white inuer part of the bram there is a thick layer of gray 
■iibstance. In Fig. 74 you have a horizontal a '' 



of gmy 

I oftlM 




br^n, showing the proportions and arrangement of the gny 
and tlie white substaJices As the gray substance dips down, 
as you see m the figure, into all the furrows, its extent it 
great«r than you would suppose at the first view In tha 
middle is represented the oroad connection which ezista 
between tlie two hemispheres of the bram. You observe iB 
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Ig. 73, and Fig. T4, that there is no apparent arrangement of 
he external parts of the brain, which would give countenanca 
o tlie idea of the phrenologist, in relation to a division into 
larticular organs. The convolutions, so far from presenting 
ny well defined arrangement, are exceedingly irregular. 

232. The gray substance, which is sometimes called the 
ortical (bark-like) substance, because it surrounds the white 
eatral part of the brain, is made up, as I said in the Chapter 
a Cell-Life, § 208, of cells, while the white part is composed of 
xceedinglv minute tubes. These tubes are continued into the 
ervea, and as tbey hold the nervous matter, they constitute the 
ledium of communication between the brain and all parts of 
he body. Tkis function of communication is the solo function 
f the white nervous matter. In the brwn this white matter is 

mere collection of tubes, and these branching out in bundles 
)rm the nerves. Tliese tubes are supposed to be entirely 
jparate from each other, from their beginning in the brwn to 
leir termination in the various parts of the body, for the 
lio'oscope, as stated in § 20S, has never discovered any union 
etween them at any point. The brain then is a great central 
rgan of communication,, where innumerable minute tubes are 
rought together, each of .which, is connected with some one 
loving fibre, or some one sensitive point in the body. Thosa 
'hich are connected with mus< 
jlar fibres transmit impres- 
ons from the brain, and 
lose which are connected 
ith sensitive points transmit 
npreesions to it. Of the 
ze of these tubes you can 
udge by Fig. 75, which 
lows some of them as they 
ppear magnified 350 diam- 
lers. They vary much in 
ze, but the cause of this 
anation has not been dis- 
>vered. 

238. The office of the gray 
iljstance, it is quite well 
jcertained, is very different 
om that of the white sub- 
:ance, as tlie difference in 
a structure would lead us to suppose. 
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connected with the mind than the white subBlance. Wlien, 
for example, motion ia produced in obedience to the will, tha 
impreBsiott producing the motion is trausmitted through the 
white matter, but the cause of this impression does not act 
directly on this matter. The impression is caused by the 
action of the mind on the gray matter, and the wliit« substance 
only serves to transmit it. The gray matt«r, therefore, has » 
more active agency than the white in the phenomena of the 
mind and the nervona system. It is the firGt link in the cbtun 
of connection between the spiritnai and the physical in our 
nature. Hence, in examining the brains of animals, we find 
that the higher is the intelligence, the more abundant is the 
gray sabatance ; and it is especially abundant in man, by tha 
large development of the convolutions. 

234. The question arises here, whether, as in motion the 
active agency is on the part of the gray matter in the brain, 
there is also gray matter at the extremities of the nerves of 
sensation, exerting an active agency there. It would seem that 
it should bo so. When voluntary motion is produced, the 
action of the mind is on the gray substance, and the white sub- 
stance of the brain and the nerves transmits the impression of 
this action. But in sensation the first step in the process is not 
in the brain, but in the nervous extremities. Now in this fiist 
step, in the actual production of the impression to be trans- 
mitted to the brain, we should suppose the gray matter fia 
necessary as in the production of the impression to be trans- 
mitted from the brain in effecting voluntary motion. Else we 
must conclnde, that, while the white substance can have no 
active agency in the brain, but serves only for transmission, at 
its other extremity, expanded in the organs, it serves for both 
tranamisaion and production, Dr. Carpenter supposes, there- 
fore, that there is a sort of gray matter in tlie expanded extrein- 
itiea of all nerves of sensation. But the microscope has never 
discovered the existence of this matter in any nervous cipan- 
sioti, except in the nerve of the eye, in the retina, and in some 
parts of the internal ear. And some facts seem to militate 
against Dr. Carpenter's view of the subject. I^ for instance, 
you hit the trunK of a nerve, as the little nervo so often hit stj 
the elbow, a sensation is produced, which is 
referred to the part to which the nerve is distributed. 
such facta it would appear, that in sensation the white R 
matter does not merely transmit impressions, bat '' 
agency also in originating them. There is then ] 
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lo gray matter ordiosrii}' in the expanded extremities of a 
lerve, but they are merely terminations of the tubea which 
uake up iU trunk. 

235, The cells which form the peculiarity of the structure tf 
he gray substance are often, as you saw in Fig. 69, of veiy 
jngular appearance ^m their prolongations. They lie in tha 
Dterstices of a vascular network. A due supply of arterial 
ilood ia absolutely essential to the Tigoroua perfgrmanc« of the 
iinctiona of the gray substance. If the supply be cut off iu 
my way, as by the f^lure of the heart's action in fainting, 
nsensibility and the loss of the power of motion are the conse- 
[uence. While the gray substance is on the outside of tha 
)rain, it is on the inside of the spinal marrow. It is also on 
he inside of the little bodies called ganglions, scattered here 
md there, as depositories of nervous force, or as little brwna, as 
we may term them. These ganglions are not merely a part of 
ihe apparatus of communication. They are different &om 
llexuses, nhich are mere combinatiouB of nervous trunks, as 
leen in Fig. 77, t t being the trunks, which, aCler uuiljug with 



; 




Bch other in various ways, again separata to go to thein 
^ ._ ..nt destinations. At ;?, in Pig. 76, is a ganglion into 
fhich the fibres*/^ of the nerve » run. It then divides again 
Bto branches 6, These ganglions produce nervous force, and 
herefbre are composed like the brain in part of gray substance, 
le spinal marrow, too, produces as well as transmiw, and so 
■^ 13* 
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this Bnbfltanoe forms a part of it. This gray 8iibstanc«, as it u 
in eonstant operation, ia enhject to much wear and t«ar, aa m 
may express it, aiicl therefore the changes of repair are con- 
staotly going on in its structure. Hence, the necesdty for sa 
large a supply of blood, as is secured by the network of veflsela, 
among nhich the cells peculiar to this substance are BCattcred. 
The microscope has fully demonstrated the reality of these 
confjnual changes, for it shows us, whenever a portion of this 
substance is examined by it, the cells in all the various stages 
of deTelopnient miugled together. The freshly made simple 
cells are seen among those which have been formed for some 
time, and which have put forth their loog off-shoots, as seen in 
Fig. 60. 

288. The entremitiea of the fibres, or rather of the tubuli 
(Fig. Is) of the neri'es terminate Tariously. The most common 
'wmination is iu loops, aa seen in Fig. 78, which represents tha 



vermination of the nerves as seen through the microscope in 
a thin perpendicular section of the skin in the thumb. The 
three eminences in this figure are those of the papillx, as they 
are termed, which you can see are arranged in curvilinear rows, 
if you look at the ball of the thumb. In Fig. 79 yon see tliis 
same loop-like arrangemeDt in the nervous tubuli, as seen 
through the microscoj>e, on the sensitive sue that lines tlio 
cavity of a tooth, the entrance for the nerves and bloodveesels 
of this sac being at the end of the root. 

237. One very singular termination of the ^lervous tubuli, is 
in what are called Pacinian corpuscles, after Pacini, the first 
microsoopist that discovered them. They are found attaot*^'* 

the nerves in the hand and foot more oft«n thaa any vM 
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«. Their structure, which is aeen in Fig. 80, A, highly 
sgnified, IS voiy cunous They are attached to the branches 

the nerves on wh ch they cluster hy httle peduncles or 
tlks. At a u the pcluncle b is the nervous fibre or 
bolus / IS to term nal n n the corpuscle. The corpuscle 
lelf u composed of lasers of a very delicate fibrous membrane 
closing each other like the coata of an onion, to the number 
' sometimes sixty, the inner ones, d, being closer together than 
,e outer ones, e, are. In B is represented a portion of a 
irre of a finger, with clusters of these corpuscles of about the 
itaral size. Of what use these singular bodies are we know 
)L But the fact that they are always found in certain 
l^ons of the body shows that they are placed there for some 
ifinite purpose. It has been supposed by some that they are 
inute electrical batteries, because they bear some resemblance 
> the electrical organs found in some fishes. 

238. There is a wonderful &ct in regard to the healing of 
oonded nervea which must not pasa unnoticed. You know 




HoiUlnf oTnema. NiM fiUioff of ll» UihsU 

that if a nerve be divided, all coinmunication between the pvt 
that it supplies with branches aod the brain is cut oft No 
impressions cau be transmitted through it to and from Um 
br^Q. But the two cut ends uf the nerves can grow together, 
and the communication can thus be more or less restored. 
Sometimes it is as perfect as before. Now, if yoxi call t« 
mind the structure of a nervous trunk, yon will see that [his is 
passing wonderful. It is made up, you will recollect, of tnbuli 
which are entirely separate from each other, and each one 
of these goes from ita origin in the nervous centre Ui it» 
destination by itself. It is difficult to conceive, therefore, how 
the nerve can be healed without creating coufiiaou. For to 
avoid this it would seem to be necessary, that each little tnbe 
at iU cut end must unite with its corresponding end, and not ' 
with the end of some tube with which it baa no relation. For 
example, if the nerve distributed to the hand were cut, il 
would not do, aa it seems to us, to have tnbuli which go to the 
thumb unite with those which go to a finger. And besides, as 
I shall soon show you that the tubuU, through which the 
impression that produces motion ia transmitted, are separate 
from those which tr.insmit the impression that canses sen- 
sation, it would not do for a tubulus of one kind to unite 
in the healing with une of the other kind. Wa can not 
conceive how a confusion ia sensations and motions can be 
avoided, unless the end of each fibre or tubulus is united 
with its corresponding end ; and such an accurate union 
of the multitude of tubuli in a nerve seemn an impossibil- 
ity. That there ia, however, a very accurate union efiected, is 
manifest from the observations of M. Brown Sequai'd. He 
examined in animals nerves whidh were divided twelve months 
before, and could not discover the point of division even with 
the aid of the microscope. If the tubnii were not all made as 
perfectly continuous as befiare the nerve was divided, the 
microscope would have revealed the defect. But it takes titna 
to effect this adjustment of the tubuli, for it was found by Dr. 
Haighton in his experiments nearly fifty years ago, that after 
dividing nerves, their functions were not restored till some 
time after they were apparently healed. This shows most 
clearly, that the arrangement of the tubuli, which is required 
Uit tfie communication of impressions through them, is gradu- 
ally effected after the union takes place. 

239. Taking this view of this interesting point, the dilflcu 
ia greatly enhanced, when we look at the union of parts )' 
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d not originally belong together, as, for example, when a 
ece of skin is dissected from the forehead, and is twisted 
)wn so as to be made to grow on to the nose to supply 
deficiency there. Here new relations entirely are established 
)tween the nerves of the divided parts, and, as we should 
ipect, there is confasion in the sensations. The patient, at 
st, whenever the new part of his nose is touched refers the 
nsation to the forehead. But this confusion of the sensations 

a 

after a while removed. And it is curious to observe, that 
bile the old nervous connections are breaking up, and the 
>w ones are becoming established, there is an interval of 
fftial, sometimes entire, insensibility in the part. How these 
)w relations can be established consistently with the known 
rangement of the tubuli in the nerves is a mystery. 

240. As I have already hinted, there are different nerves for 
fferent purposes. The nerves through which the mind sends 
i messages to the muscles, are not the same with those 
rough which it receives impressions in sensation. In and 
K>ut the face, the nerves of motion and sensation are, for the 
ost part, entirely separate from each other. But in other 
urte of the body, the fibres or tubuli for motion and sensation 
e mingled together in the same nervous trunk, inclosed in 
le sheath. It is found that each of the nerves, coming out 
3m each side of the spinal marrow, has two roots, which 
lite together and are inclosed in one sheath, 
liis arrangement is represented in Fig. 81, fig. 81. 

which a is a portion of the spinal cord ; 

the anterior root ; b the posterior root ; e 
le trunk formed by the union of these two 
►ots ; and / a branch of the nerve. At c, 
1 the posterior root is one of the ganglions, or 
:tle brains, of which I spoke in § 235. 
Thj they are placed on these posterior roots, 
id not on the anterior, or why they are 
laced here at all, we know not. It has ^ '' 

3en ascertained by many experiments on spinal cord. 
aimals, that the posterior roots are composed 
r tubuli, which bring impressions to the spinal marrow ; while 
le anterior are composed of tubuli which carry impressions 
rom the spinal marrow. For, if the spinal cord of an animal 
e laid bare, and a posterior root be irritated, pain is produced ; 
at if an anterior root be irritated, violent motions are caused 
I the parta to which the nerve is distributed. That is, the 
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posterior root is a nerve of sensation, and the anterior a nerve 
of motion. It is a mere matter of convenience that they unite, 
and are mingled together in the same sheath, for they are to 
be distributed in the same parts. In and about the face the 
nerves of motion and sensation are kept for the most part 
separate, as before stated, merely because it would' be no con- 
venience in any case to put them together in one sheath. 

241. But not only are there difterent nerves for sensation 
and for motion, but there are also different nerves for different 
kinds of sensation. Thus, in the eye, the optic nerve which 
transmits the impressions from the images formed on the 
retina, as will be shown in the Chapter on the Eye, is wholly 
separate from the nerve* by which any pain or irritation is felt 
in this organ. The latter is called a nerve of common sen- 
sation — ^the former a nerve of special sensation. So in the 
nose, the nerve that takes cognizance of odors is a different 
one from that by which irritation on the same membrane is 
felt. The snuff-taker smells the snuff with one nerve, and feels 
its tingling with another. 

242. The nerves devoted to one kind of sensation can not in 
any case perform the function of those of any other kind. 
Each nerve is fitted for its own peculiar office, and has for this 
its own peculiar susceptibility. Thus, the nerve of touch is 
insensible to Ught, and, on the other hand, the nerve of vision 
is insensible to touch. If, therefore, the nerve of vision be 
paralyzed, but the nerve of common sensation in the eye be 
unimpaired, although there is no seeing, the eye is as sensible 
to irritation as ever. On the other hand, if the nerve of vision 
be unimpaired, and the nerve of common sensation be par- 
alyzed, as sometimes happens, the individual can see, "but he 
has lost the sentinel that stands guard over the eye, and by its 
warning of pain keeps it from injury. What, therefore, is 
flpng in the atmosphere may lodge in the eye, and though it 
produce no pain, it will excite inflammation by irritating the 
capillaries. The eye in some of these cases is destroyed, 
by the inflammation which thus arises from the loss of sensi- 
bility to the touch. When the nerve of common sensation is 
in a healthy state, the moment any thing gets into the eye 
great pain is produced, and the tears flow and the eyelids are 
m constant motion ; and if by these instinctive means, as we 
may tenn tkem, the irritating substance is not removed, other 
means are at osm resorted to. But when this nerve is par* 
Alyzed, idthougli the iirritating substance produces no pain, it 
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Difhrent d^rees of aeoaibility in the various parts of the body. 

radnally causes inflammation in the delicate vascular texture 
' the eye. Pain, then, in this case, as well as in every other, 
a safeguard against danger. The part is endowed with an 
*ute sensibility to touch, b^use it is needed as a sentinel in a 
art so dehcate and yet so exposed. 

243. This leads me to remark, that the diflPerent parts of the 

ody are endowed with different degrees of sensibility, accord- 

ig to their necessities, in relation to the warning of danger. 

cooordingly, the skin is the most sensitive part or organ of the 

ody, that it may warn at once of the approach of danger ; 

^hile the internal parts have much less sensibility, some of 

aem none. In the performance of operations, therefore, the 

Teat suffering is in the cutting of the skin. There is very 

tde sensibility in the muscles, and there is none in the bones. 

lie following fact illustrates the use of the sensibility of the 

kin in the prevention of injury. A man who had lost all 

ensibiUty in his right hand, but retained the power of motion, 

ifted the cover of a pan when it was burning hot Although 

le was not aware of any effect at the moment, the consequence 

iras the loss of the skin of the fingers and of the palm of the 

land, laying bare the muscles and tendons. If the sensibihty 

iad not been lost, that is, if the nervous tubuli which transmit 

«nsation had not been paralyzed, the warning of pain would 

lave been instantly given to the brain, and orders would have 

)een sent to the muscles to relax their grasp of the cover ; and 

K> rapid are these transmissions, that the cover would have 

[>een dropped soon enough to prevent any great amount of 

injury from being done. 

244. Although there is so little sensibility in the internal 
parts in their healthy condition, yet when they become inflamed 
they become sensible of pain, sometimes acutely so. Thus, an 
inflamed bone is the seat of severe pain ; and the tendons, 
although nearly insensible ordinarily, become very, painfrd 
v^hen inflamed, as any one that has a deep-seated felon can 
testify. The question as to the cause of this change of sen- 
sibility I will not stop to discuss, but that there is a benevolent 
object in it is very manifest. K inflammation caused no pain 
in such parts, it might go on to a destructive extent without 
the person's being aware of the danger, and therefore without 
his applying for medical means. 

245. It was formerly supposed that a nerve must of course 
have an exquisite sensibility. But there is no sensibility in 
verves devoted to motion. Neither is there any in the brain 
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itself. Portions of it can be cut off without producing anj 
ptua. The heart, too, is insensible to the touub. A cis« 
proving this fell under the oteervalion of Harvey, the dls- 
eoverer of the circulation of the blood. A young noblempiii, 
irom an injury received in a fall, bad a large al^cess on the 
chest, which occasioned Bucb a destruction of the parts, as to 
leave the Innga and heart exposed. Charles I., on bearing of 
the case, desired to have Harvey see it. " When," says 
Harvey, "I had paid my respects to thb young nobleman, and 
conveyed to him the king's request, he made no cooeealinent, 
but exposed the left aide of his breast, when I saw a cavity, 
into which* I could introduce my fingers and thumb; aston- 
ished with the novelty, again and ag^n I explored the wound, 
and first marvehng at the extraordinary nature of the case, I 
set about the examination of the heart. Taking it in one 
band, and pladng the finger on the wrist, I satisfied myself 
that it was indeed the heart which I grasped. I then brought 
him to the king, that he might behold and touch so extraordi- 
nary a thing, and that he might perceive, as I did, that unless 
when WG touched the outer skin, or when he saw our fingen 
in the cavity, this young nobleman knew not that we touched 
his heart !" This abnenco of sensibility in the heart is aq^ 
because it is not well endowed with nerves. It is well 
endowed, but it is with nerves which are devot«d to another 
purpose. They are nerves of sympathy, which establish a 
connection with every part of the body, making this organ to 
be so easily affected by motion, by disease, and by every pass- 
ing emotion in the mind. 

246. In the face we have an example of difierest sets of 
nerves for different classes of motions. All those motions that 
are used in the expression of the countenance are associateid 
together by a certain nerve. This nerve has nothing to do 
with other motions, as mastication. Other nerves are provided 
for them. Sometimes this nerve of expression is paralyzed on 
one side. The result is, that while the individual can uasti- 
cate eqnally well on both sides, he can 4augh, and cry, and 
frown, only on one side, and he can not close the eye on the sid* 
affected. In Fig. 82 is a representation of this condition of 
things. The left eye can not be closed by any effort, and th« 
left aide of the face is wholly devoid of expression. This nerve 
of expression is often paralyzed byitael^ the other nerves ii '' 
neighborhood, both nerves of sensation and of motion, I 
entirety unaffected. This nerve has been called the res^itai 
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neire of the face because it controls mot ons which are con- 
nected with the movements of resp ration If yon observe how 
the raiious passions and emot ons are expressed, yon will sea 
that there is a natural assoc atio between the mnscles of the 
fatx and those of the chest n tb 9 express on This is very 
obviom in laugh ng and n weep ng But this association caa 
be effected only through nervous connections And these con- 
nections in this case are ery pxtena ve and nt n ate. When 
the nerve of espre'M on or fic al resp ratory nerve, is par- 
alyzed, all the motions of the face connectpd w th the respi- 
Tatioc are afeent Though the nd ndual may sob in weep- 
ing, or send forth the rap d and sticc s.. ve expirations of 
laughter, yet the face on the s de vhere the nerve is par- 
alvi'.ed will be perfectly q e cent So too tho^e movements 
or the nwtrils wh ch are somet mes used in expression, can 
not be per& med Sneezing and smfBug up can not be done 
. 14 
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Nerves a* the eye. Paralysis aflTecting different nerves. 

on the affected side. Neither can the individual whistle. 
because a branch of this nerve goes to the muscles at the 
corner of the mouth, which are therefore disabled. Sir 
Charles Bell, in cutting a tumor from before the ear of a 
coachman, divided this branch of the nerve. Shortly after, tli« 
man thanked him for curing him of a formidable disease, 
but complained that he could no longer whistle to his horses. 

247. The eye has six different nerves, each for a different 
service. 1. The optic nerve. This has nothing to do with the 
motions or the common sensations of the eye. Its sole office is 
to transmit impressions from the images formed in the eye to 
the brain. 2. A nerve of common sensation, by which any irri- 
tation in the eye is felt. '3. A nerve which is distributed to the 
muscles of the eye generally, and to no other parts of this organ. 
4. A nerve which goes to-one parti/cular muscle, one of the oblique 
muscles of the eye. It is an involuntary muscle which performs 
the insensible rolling motions of the eyeball, and is associated 
with the muscles of expression in the countenance by means of 
nervous connections. 5. A nerve which goes to another single 
muscle, which turns the eye outward. 6. A branch of the 
respiratory nerve, which regulates the motion of the eyelids, 
and has much to do, therefore, with the expression of the coun- 
tenance. To this small organ, then, are distributed six different 
nerves, each having its distinct office, and its separate origin in 
the brain. How various are the transmissions through these 
nerves, and how nicely adjusted must all the parts of this 
Gomplicated apparatus be, that each may perform its office 
without interference with the rest ! 

248. I have already alluded incidentally to the fact, that one 
nerve may be paralyzed, and others distributed to the same 
parts may be entirely unaffected. Thus the nerve, of expression 
in the face may be paralyzed alone, the face retaining its usual 
sensibility and its power of performing other motions than those 
of expression, as mastication, because the nerves of common 
sensation and of common motion are untouched by the disease. 
So, too, in the nerves which go out from the spinal marrow, 
composed of tubuli of motion and sensation mingled together, 
one set of the tubuU may be affected while the other is not ; 
for in paralysis it is often the case that the sensibihty remains 
while the power of motion is gone, and vice versa. Sir Charles 
Bell relates an interesting case, in which the paralysis was 
different on the two sides of the body. A mother was seized 
with a paralysis, in which there was a loss of muscular power 

i 
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Nenres, though having diflferent offices, all alike in structure. 

D one side, and a loss of sensibility on the other. She could 
old her child with the arm of the side which retained its 
ower of motion but had lost its sensibility. But she could do 
only when she was looking at it. She could not feel her 
liild on the arm, and therefore when her attention was drawn 
) any thing else, and she ceased to have her eyes fixed on the 
aild, the muscles having no overseer, as we may say, to keep 
lem at work, were relaxed at once, and the child would fall 
•om her arm. In this case, bound up in the same sheaths were 
¥0 sets of tubuli, one set of which were useless in the nerves 
Q one side of the body, and the other set were useless in the 
erves of the other side. 

249. We should suppose that there would be a difference in 
le construction of the nerves, corresponding with the different 
3es to which they are devoted. But it is not so. The micro- 
5ope shows us that the nerves of motion and of common and 
)ecial sensation are all alike in their structure, and chemistry 
lows us that they are alike also in their composition. The 
uestion arises, then, why the impression producing motion can 
ot be transmitted by the same nerve with the impression 
iQsing sensation. The reason is evidently not to be found in 
le nervous trunk itself, as this is the same in all cases. It is 
I the circumstances of the two ends of the nerve — that which 

in the nervous centre from whence it arises, and that which 
expanded in some part of the body. You can see at once 
lat the nervous tubuli which end in the fibres of a muscle 
in not transmit sensation to the brain from the skin over the 
luscle, because they do not go to the skin at all. There are 
ther tubuli that are distributed there for that purpose, mingled 
ideed in most cases with the tubuli for motion, but yet kept 
atirely distinct from them. And besides, there is probably 
imething in the mode of arrangement of the extremities of a 
erve of sensation, which differs from that which exists in the 
istribution of a nerve of motion, so as to make it impossible 
)r a nerve of motion to receive the impression producing sen- 
ition, even where the impression is made directly upon the 
mscle itself. There is also probably a different ending of the 
erves of sensation and motion in the nervous centre, the brain, 
r spinal marrow, that makes the one kind incapable of 
erforming the duties of the other kind. 

250. There have been many hypotheses in regard to the 
ction of the nerves. The most common theory, even up to 
lodem times, was this — ^tkat tiie brain is not only the great 
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centre of the nervous system, but its central workshop, as v% 
may express it, and that in it is secreted a nervous fluid, which 
is distributed through all the body by the nerves, they being, 
as it was supposed, bundles of conduit-pipes. This fluid was 
supposed to move back and forth in the nerves, going outwards 
towards the extremities of the nerves to excite motion, and 
going inward to the brain to convey the sensation of external 
impressions. This theory has been exploded by the researches 
of Sir Charles Bell and others, and during the last half century 
important and numerous discoveries have been made, in rela- 
tion to the functions of different parts of the nervous apparatus. 
And though there are many things in this system, which links 
the spiritual with the physical, that we shall never underetand, 
the bounds of our knowledge in regard to it are undoubtedly 
to be largely widened by future researches. 

251. It is a favorite idea with some physiologists that nerve- 
force, as it is termed, is identical with electricity, and that the 
nervous system is therefore a system of electrical batteries, with 
an apparatus for a sort of telegraphic communications. They 
ground their opinion upon the fact, that a current of electricity 
passed along nerves may produce motion or sensation, accord- 
ing to the character of the nerve through which it is passed, 
and also upon the analogy which exists between nerve-force 
and electricity in the instantaneousness of their transmission. 
But facts and experiments have wholly disproved this alleged 
identity. Some of these I will briefly relate. Mechanical and 
chemical stimuli produce the same nervous action that elec- 
tricity does. This shows that the electricity acts merely as a 
stimulus to wake up the nerve-force, instead of being that force 
itself. Experiments have been tried, to detect, if possible, the 
existence of an electrical current in a nervous trunk while the 
parts to which it is distributed were in action, but in vain. 
Thus, Prof Matteucci laid bare the large nerve of the leg of a 
horse, and although by irritating its roots he excited powerful 
action of the muscles of the leg, the instrument in connection 
with the nerve was entirely unaffected, though it was so ex- 
tremely delicate that it would indicate an infinitesimally small 
disturbance of the electrical equilibrium. Again, a ligature put 
arc and a nerve will by its compression prevent nervous trans- 
mission through it, but will not hinder the passage of an elec- 
trical current. Still again, if a piece of a nerve be cut out, and 
some ffood conducting substance be introduced in its place; 
electricity will pass, but there can be no transmission of nerve 
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roe to the parts below the division. Besides all this, nerve- 
rce diiOfers from electricity in the fact .that it can be confined 
the nervous trunk, or even to a small portion of the trunk, as 
hen a motion is veiy limited in extent ; while electricity not 
ily passes through the whole trunk, to all the parts to which 
e nerve is distributed, but is diffused in the parts around it 
lus, if an electrical current be passed through the main nerve 
the limb of an animal, it will go through every branch 
that nerve, and cause all the muscles of the limb to contract ; 
it nerve-force may be so insulated in a small portion of the 
jrve, that a single toe may be moved alone. And some of the 
3ctricity will be diffused at once in the muscles and other 
itta around the trunk of the nerve before it reaches any of the 
anches that go off from it. Indeed, the muscles are much 
>tter conductors of electricity than the nerves, which should 
»t be if the nerves were particularly designed for its transmis- 
)n, as the hypothesis would claim. And both muscles and 
srves are nothing like as good conductors as a common copper 
ire. 

252. We have thus far contemplated nervous action, for 
e most part, only in two forms — as producing sensation 
id voluntary motion. In sensation the action is from the 
tremity of the nerve to the nervous centre ; but in motion it 
from the centre to the extremities of the nerves, as they are 
panded among the fibres of the muscles. This voluntary 
otion, you see, may arise in consequence of sensation, as 
ben you withdraw the hand from the fire, if the heat be 
dnful; or it may occur without a preceding sensation, as 
ben the thinking mind wills to perform certain motions for 
fecting some purpose. In either case it is supposed that the 
•ay vesicular or cellular substance of the brain is in immediate 
nnection with the mind, and that the white tubular matter 

the brain and the nerves serves only for transmission. That 

both in sensation and motion the effective physical agency is 

the vesicular gray substance. This is the working part of 

e telegraphic apparatus of the mind, while the innumerable 

buli of tiie white matter of the brain and nerves are the 

»mmunicating wires. 

253. Much of the muscular motion of the body is prc»duced 
ithout the agency of the will, and sometimes even in oppo- 
tion to it. This is true of the motions caused by emotions in 
le mind. For example, the muscular motions in sobbing and 
. «aughing often ooeur in opposition to the strong action of the 

14» 
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will. In this case, the emotion produces its effect upon the gray 
vesicular substance, and from this the impression is transmitted 
through the nerves to the muscles. 

254. There are some common motions which are performed 
to a greater or less extent without the agency of the wilL The 
muscles which perform them are called involuntary muscles. 
The muscles of respiration, for example, ordinarily act without 
our willing them to do so. If they did not, respiration would 
stop when we sleep, or become stopped from disease. But the 
will can quicken these muscles in their action. They are 
therefore not wholly involuntary. But there are some purely 
involuntary muscles. The muscular coat of the stomach, which 
I spoke of in the Chapter on Digestion, as being constantly itt 
motion when the stomach is filled with food, is of this chxt" 
acter. No effort of the will can quicken or retard the action of 
this muscle. That exceedingly compound muscular engine, 
the heart, is a collection or arrangement of purely involuntary 
muscles. No effort of the will can directly influence ite 
motions, though it may do it indirectly, by so directing the 
thoughts as to awaken emotions calculated to produce this 
effect. That beautiful circular curtain in the eye, the iris, has 
the size of its circular opening, the pupil, controlled, as you will 
see in the Chapter on the Eye, by an involuntary muscle. 

By what agency, you will inquire, are these involuntary 
motions produced ? The answer to this question will open to 
you a new view of the nervous system. 

255. I have already alluded to the two roots which unite to 
make up each nerve that comes from the spine. One of these 
roots is composed of tubuli through which impressions are 
transmitted to the spinal marrow ; and the other contains 
tubuli, through which an impression is transmitted from the 
spinal marrow to the muscles, causing them to contract. Each 
nerve, then, coming from the spine, is made up of two distinct 
nerves, or two distinct sets of tubuli. One of these is called an 
excitor nerve, the other a motor nerve. In the case of the 
muscles of respiration, every time that they act, the process is 
this — an impression is transmitted from the lungs through an 
excitor nerve to the spinal marrow, the gray vesicular substance 
there responds to this impression, and sends in consequence ar 
impression by a motor nerve to the muscles. So in the case 
of the iris, which contracts to prevent too much light from 
entering the eye, the light as it strikes the retina produces an 
impression, wluch is transmitted through an excitor nerve, and 
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consequence another impression is transmitted tlirough a 
)tor nerve to the iris. So also, the presence of food in the 
imach produces an impression which is transmitted through 
3 exdtor nerve, and another impression is returned through 
3 motor nerve, exciting the muscular coat to action. And in 
3 act of swallowing an impression is transmitted from the 
>d thrust back into the throat, and then impressions are 
.urned to the many muscles engaged in this compound act, 
78). The action of the nerves illustrated by these examples 
termed their reflex action, because the impression transmitted 

one nerve to the spinal marrow is reflected from it by 
other. 

256. You see that I use the rather indefinite word, impres- 
•n, in relation to the transmissions through the nerves. It is 
3 best word that can be employed, because although some- 
ng is transmitted, we know not what that something is. 
16 result of the transmission is different in the excitor nerve 
•m what it is in the motor nerve. The result differs also in 
3 excitor nerves according to circumstances. In 'some cases 
is accompanied with actual sensation, while in others it is 
t That is, the brain sometimes participates in the result, 
d sometimes it is confined to the spinal marrow. Thus, in 
3 act of respiration, the impression carried from the lungs by 
a excitor nerves comes from the presence of dark blood in the 
3gs. Ordinarily, a mere impression, and nothing like sen- 
tion, is transmitted. The respiratory muscles, most of the 
oe, go on to do their work, in obedience to the impres- 
ts communicated from the lungs, without the process being 
30gnized by the mind. But when there is embarrassment 
the lungs, the quiet process, carried on through the agency 

the spinal marrow alone, is not adequate to meet the exi- 
ncy. In some way, the brain becomes a party in the ope- 
tion. The act of breathing is now accompanied with pos- 
ve sensations, and there is a mixture of voluntary and 
voluntary muscular action. So, also, the ordinary movements 

the stomach are attended with no positive sensations. That 
there is no transmission to the brain of any impression of 
liich the mind takes cognizance. But if there be disturbance 
ere, and extraordinary movements are produced, then cogni- 
jice is taken of them, and sensations of various kinds result. 
25Y. The spinal marrow, in relation to the involuntary 
uscles, seems ordinarily to be in a great measure independent 
' the brain ; while on the other hand, in relation to voluntarj 
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motion and sensation, it forms the chain of communication be- 
tween the brain and the moving and sentient parts. In this 
respect the dependence is perfect. In injuries of the spine, 
therefore, the extent of the loss of the power of motion and of 
sensibility depends on the nearness of the injury to the brain. 
The higher up the injury is, the larger is the number of nervei 
whose connection with the brain is cut off, and therefore the 
greater is the extent of body rendered insensible and motionless. 

258. The spinal marrow then performs two separate functions 
— one, in producing involuntary motion, as an organ by itself; 
and another, as an organ in connection with the brain, in the 
production of voluntary motion and sensation. The arrange- 
ment, by which it does two things which are so different from 
each other, will be clear to you, if you bear in mind the &ct 
that the spinal marrow, like the brain, is composed of the two 
nervous substances, the white tubular, and the gray vesicular sub- 
stance. When the spinal marrow acts as a mere medium of 
communication for the brain, the transmission is made directly 
through the tubes of the white substance to and from the brain 
— to the brain in sensation, and from it in volcintary motion. 
Thus, when a sensation is felt in the foot, the impression made 
there is transmitted through the nerve to the spinal marrow, 
and up through the white part of this organ to the brain. It 
touches none of the gray substance of the spinal marrow, but 
goes to the gray substance of the brain. And when the foot is 
moved, an impression is returned from the brain through the 
white part of the spinal marrow, and then through the nerve 
which goes from it to the muscles that move the foot. But, on 
the other hand, when the spinal marrow acts by itself inde- 
pendently of the brain, producing what is called reflex action, 
(§ 255,) the impressions that are transmitted, some of them 
begin, and some end in the gray substance of the spinal 
marrow. The impression on an excitor nerve ends there, and 
the impression on a motor nerve begins there, the latter result- 
ing from the former, except when motion is produced by dis- 
ease in the spinal marrow itself. Thus, in breathing, as de- 
scribed in § 255, an impression goes from the lungs through 
excitor nerves to the gray substance, and that is the end of it ; 
but another impression begins there as a result of it, and is 
transmitted to the involuntary muscles moving the chest. 

259. One marked distinction between the brain and spinal 
marrow is, that the brain has its intervals of rest; but the 
'imctions of the spinal marrow never cease for a moment as 
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The brain rests. The spinal marrow does lot. Convulsions. 

ng as life continues. In sleep the brain is more or less at 
at, and it is in a state of entire torpor when the slee}) is pro- 
und. But during sleep the heart beats, the respiratory 
uscles work the chesty and the muscular coat of the stomach 
lums the food if there be any there. For these motions, with 
any others, are dependent upon the spinal marrow, and not 
)on the brain; and so, while the brain sleeps, the spinal 
arrow keeps up the operations of the system th;it are essential 
the continuance of hfe, in the manner described in § 255. 
), also, in apoplexy, when the brain is torj)id from the 
essure of blood, the spinal marrow, being unatfocted, keeps up 
e functions of those organs which are dependent upon it 
it besides the motions that I have mentioned, as being kept 
> by the spinal marrow, when the brain is torpid from any 
use, there are other motions which can be excited by stimu- 
dng nerves that are connected with the spine. For example, 
e act of swallowing can be produced by pouring a liquid into 
e mouth, and motion can be produced in the muscles of a 
ob by irritating the limb at different points. If you cut off 
e head of a frog, and thus destroy all sensibility, you can 
oduce movements in his limbs by irritating them. You 
D, indeed, make the whole body to move together, by 
oducing irritation at many points at the same time. So, too, 

a man be paralyzed in his lower limbs by a blow upon 
a spinal column, thtjse parts, which he cannot move by his 
11, can be excited to motion by irritation with electricity 

other agents. 

260. The motions of the muscles in co^^vulsions are pro- 
ced by the agency of the spinal marrOf^. Tlio irritation 
using them sometimes exists in the spinal marrow itself, 
ing the result of disease there. But commonly the irritation 
in some other part of the system, and it produces the con- 
Isive movements by sending an impression through excitor 
rves to the spinal marrow, to be reflected back through tlu^ 
Dtor nerves, as described in § 255. Tlio brain during tlin 
nvulsion is in a torpid state, the individual being uiicon- 
lous. That the brain is involved to some extent in tin* onii 
Ision is very clear, and sometimes the cause of tiu^ r.oFiviil* 
►n is in this organ. But it is probable that ilu^ coiiviiUIvo 
wements are directly dependent on the s})iMal marrow, uti<l 
%t even when the cause is in the brain, it is by tlm lu'.lidii of 
9 spinal marrow, sympathizing with and ailnc^tiul by iU^t 
teased brain, that the convulsion is producml. And ¥fUt*u 
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the cause is in some other part, as in the irritation of teething 
or indigestion, the impression is sent directly to the spinal 
marrow, and is reflected from it to the muscles, the brain being 
only secondarily affected. 

261. It is worthy of remark, that in convulsions there is a 
purely involuntary action of muscles, that are ordinarily under 
the control of the will. How is this ? How are they taken 
away from the usual control of the will so suddenly and so 
entirely ? It is not possible that any temporary new connec- 
tions can be established all at once by the disease, — that there 
is, to use illustrations of a familiar character, a sort of unship- 
ping of the usual connection, and a hitching on of another f<« 
the time being, or a switching off from one track on^ to 
another. These voluntary muscles must have all the time a 
connection with the gray substance of the spinal marrow, just 
as the involuntary muscles have, only it is not as intimate and 
extensive. K it were not so, they could not act occasionally aa 
involuntary muscles. Being thus connected with the gray 
substance, both in the brain and spinal marrow, when they 
act in obedience to the will, the impression exciting their ac- 
tion comes to them from the gray substance in the brain 
through the white part of the spinal marrow ; but when they 
act involuntarily, the impression comes from the gray sub- 
stance in the spinal marrow, and not from the brain. 

262. I may remark farther, that the voluntary muscles act 
involuntarily more often than is commonly supposed. As 
already stated, (§259) in animals, from which the head has 
been removed, the voluntary muscles can be excited to involun- 
tary action, resembling voluntary movements, although of 
course with the removal of the head were destroyed all sensa- 
tion and all exercise of the will. And in the case of the man 
paralyzed by injury in the back, alluded to also in § 259, in- 
voluntary movements can be excited in the voluntary muscles. 
A pigeon, whose cerebrum had been removed, would fly when 
thrown into the air, would run when it was pushed, and would 
drink when its beak was put into water. There was no sensi- 
bility and no will in this case, for they can not be without the 
cerebrum. The movements were involuntary, though per- 
formed by voluntary muscles. Now as these facts prove that 
voluntary muscles are, through their connection with the spinal 
marrow, capable of acting as involuntary muscles also, the 
question arises, whether they do not much of the time act in 
pan as involuntary muscles, and sometimes wholly so. Thai 
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Walking. Reverie. Brain not directly essential to life. 

is is the case, a little reflection will show. When we are 
dking we use voluntary muscles. But manifestly a distinct 
t of the will is not put forth for every motion performed 
walking. The mind may be at the same time fixed upon 
□aething else ; and there seems ordinarily to be only an oc- 
sional action of the will, as when we change our course, or 
len some obstacle is in the way, requiring a variation ^om 
3 regular' consecutive series of movements. There is a dis- 
ict action of the will when the movements begin ; but after 
is the motions seem for the most part almost automatic, and 
3 probably produced by the teflex action of the spinal mar- 
w, the will interfering only when occasion requires. This is 
>re manifestly the case when one is walking in a reverie, and 
rhaps finds himself on awaking from it, in a different place 
»m that to which he had willed to go. • It is as if the brain 
i the machinery of the limbs to work, and then delivered it 
er to the care of the spinal marrow, interfering only when it 
eds to do so to meet some difficulty, or when it wishes to 
re a new direction to the movement, or to stop it. And in 
reverie, the brain occupied with other things, neglects even 
exercise this superintendence, and leaves the machinery 
lolly to the guidance of the spinal marrow. The same re- 
irks can be made in regard to other motions, as in speaking, 
iging, playing on an instrument, &c. In all these cases the 
luntary muscles act^in some measure involuntarily, being 
verned by an association in their action which is far from 
ing wholly dependent upon the brain, and the direction of 
a will. I shall recur to this point again, when I come to, 
)at of the connection between the mind and the body. 
263. Many experiments have been tried upon animals in 
Terence to the fiinctions of the brain, and of the spinal mar- 
w. I have already alluded to some of them. It was 
•merly supposed, that the brain was the only centre of nerv- 
s power, and that it was immediately essential to the pre- 
rvation of life. But these experiments have shown that this 
fer jfrom being the truth. The brain, it has been found, has 
thing to do directly with the maintenance T)f life. Animals 
e for some time after the brain is destroyed. A pigeon wjis 
pt alive for some months after its cerebrum was removed. 
J condition was very much like that of a man, the functions 
whose cerebrum are suspended by the pressure of a frac- 
red portion of the skull. Although, like him, the animal 
d lost all sensation and voluntary motion, yet, like him, it 
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Upper part of the spinal cord directly enential to life. 

continued to breathe, and its heart continued to beat Of 
course so extensive an injury of so important an organ "mSL at 
length cause death ; but life continues long enough in suaH 
cases to show, that this organ is not immediately essential to 
its continuance. The functions most essential to life, the 
respiration and circulation, are, as you have seen, kept up by 
the spinal marrow. The very upper part of this organ is espe- 
cially devoted to this purpose. You may take out the brain 
of an animal, and destroy all its spinal marrow, except this 
upper portion of it, and the animal will still breathe, and iti 
heart will beat. But if you destroy just this small portion of 
the spinal marrow, though you leave the rest of it and the 
brain untouched, the animal will die at once from the cessa- 
tion of the respiration and the circulation. In the Spanish 
bull-fight, when the matadore at length kills the animal, by 
adroitly piercing the spine in the back of the neck, he inflicto 
his wound upon this upper part of the spinal marrow. 

264. If after cutting oflf the head of a frog, you divide the 
spinal marrow in the back, you can produce involuntary mo- 
tions in both the upper and lower extremities. But you can noi 
produce them at the same time in both together, for the.divi- 
sion of the spinal marrow in the back separates it into two 
independent parts. When, therefore, you irritate the upper 
extremities, the motion is confined to them, and the lower ex- 
tremities are quiescent. And if you irritate the lower extrem- 
ities, the motion produced there does not extend to the upper. 
The division can be carried much farther with similar results. 
If the spinal marrow be divided above and below where a pair 
of nerves is given off, so as to separate this point wholly from 
the rest of the nervous system, the reflex action can be excited 
in the nerves connected with this point. That is, an irritation 
of the parts supplied by the excitor nerve of this little segment 
of the spinal marrow will produce an impression in that seg- 
ment, which will be reflected by the motor nerve to the 
muscles. The gray substance of the spinal marrow may, there- 
fore, be regarded as a chain of little brains, in some measure 
separate from e&ch other. But while there are thus many 
centres of reflex action, there is only one centre of sensation 
and voluntary motion, and that centre, the brain, is connected 
with the mind. Some physiologists have maintained that 
there is sensation independent of the brain; but it may be 
considered as most abundantly proved, that it is through the 
brain alone that the mind feels and acts, or rather that we 
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Two systems of nerves, oereoro -spinal and sympatbetic 

•w nothing in this world of a sentient and acting mind 
;ting without a brain. 

65. The system of nerves which we have been examining 
srmed the cerehro-spmal, from its two great central organs, 
brain and spinal marrow. But there is another nervous 
«m, the functions of which are involved in much mystery. 
\ called the system of the great sympathetic, or the sympa- 
ic system. Sometimes it is called the nervotts system of 
mic life, because it is so intimately and extensively con- 
ied with the nutritive processes ; while the system that we 
e been considering is called the nervous system of animal 

because it regulates the functions peculiar to animals in 
inction from plants, sensation, and spontaneous motion, 
ile the sympathetic system is thus connected with the 
itive processes, it is also supposed to be the means of effect- 
the sympathetic connection between different parts of the 
y, and to act as the medium by which the passions and 
►tions of the mind produce their effects upon the functions 
he different organs. In this system there are many gang- 
3 or little brains, which communicate with each other by 
^es. There is a chain of them along in front of the spin^ 
nm, and there are two qmte large ones in the abdomen. 
\ system has connections everywhere with the cerebro-spinal. 

purposes aimed at in the particular arrangements of this 
em are as yet but little understood, and we probably never 
1 ^ow as much about it as we shall about the cerebro- 
al system. The arrangement of the sympathetic system 
jrs very materially from the cerebro-spinal. It is a single 
em, and has no symmetrical arrangement, while uie 
bro-spinal has throughout two halves which are precisely 

B. 

have thus described the arrangements and frmctions of the 
^ous system to such an extent, as will prepare you for the 
jideration of those subordinate organs, by which the pur- , 
» of this system are accomplished. After treating of the 
ins of locomotion, the voice, and the senses, I shall call your 
ntion again to this system, presenting some views of ^ts 
and connections, which you will then be better prepared 
nderstand. 

16 
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CHAPTER XI 



290. The bones furnish the points of support and atfn 
ment for the muscles which Taovo the different parts of fho 
body. They are, therefore, the passive inatruments of loco- 
motion. I treat of the hones before the muscles, because you 
will then better undeiataDd the action and the arrangement 
of the muBclea. 

261. The hones, forming the framework of the body, not 
only fiimiah points of support and attachment to the muscles, 
but in many cases serve to defend important organs from in- 
jury. Thus, the soft brain is thoroughly secured from barm 
by being inclosed in the skull ; and the lungs are surrounded 
by walla of bone ao arranged, as you saw in the chapter i 
Respiration, that, while they defend the lungs from ea "^ 
violence, they secure a wide range of motion for the nee 
expansion of these organs. ' 

268. The bones are composed of two parts, the eartln 
hard portion, and the animal portion which is soft. E 
these portions, aa was stated in § 60, can he obtained si 
from the other. These two portions of bone exist in di&i 
relative proportions in the different periods of life. In t 
child the animal portion predominates, white the mineral 
does in old age. It is a wise provision in regard to the 
child, for if his bones were as brittle as those of old age, 
or even as those of middle life, they would be often broken 
in the falls to which the child in its feebleness and carelessneM 



269. There are some points of interest in relation to tho 
ilntclure of bone and its growth. I stated in § 61 that bone is 
generally formed in cartilage, the cartil^e being formed first aa 
amouldfor the bone. Bone is deposited in two forms, solid luid. 
cellular. In the flat bones, as in the skull, the cellular s| 
lure lies between two plates of solid bone. In tho long b 
the cellular part is at tho two ends, and in covered wr 
ihin plate of solid hone, while the shaft is a hollow ( 
■vitii the bone very much condensed. This srrangeid 
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IB seen in Fig. 83, representing 
the thigh-bone and the bone of the 
arm. Certain well known mechanical 
principles are obaerTed in this arrange- 
ment. The bone would be unnece»- 
" sarilj heavy if it were solid through- 
out. Lightness in a moving limb is 
of considerable importance. At the 
same time strength is to be carefully 
provided for in a bone which is to 
sustain the weight of the body, and 
to which the Targe muscles of the 
thigh are attachea By having the 
bone hollow, both of these objects, 
lightness and firmness, are secured. 
The principles involved are recognized 
by the architect in the construction 
of pillars, and we see them exemplified 
in the hollow stalks of plants. The 
hollow pillar haa more strength than 
the same quantity of matter would 
have if in one compact mass ; and 
the stalk which supports the full clus- 
ters of grain, would break under its 
load as it moves back and forth in 
the wind, if it were solid instead of 
being hollow. But the round cavity 
of the shaft of the bone does not 
extend to the ends. These are ne- 
cessarily large, in order to present broad surfaces for articu- 
lation with the neighboring bones ; and strength and light- 
nees are secured ia this case by a cellular' arrangement of the 
bony matter, the outer plate of solid bone being comparatively 
thin. There is obvioiKly more firmness in the resistance to 
■hocks or pressnre, secured in this way, than there would be if 
tlie bony matter were all consolidated into a shell containing a 
cavity. 

270. The round canal in the shaft and the cellular structure 
st the ends are filled with an oily substance called marrme. 
This, like all other fetty substances, is contained in fat cells, aa 
described in the chapter on Cell-Life. He marrow is also 
present in the c«llular structure between the plates of ihe flat 
txines. The cavities and the cells in bones have braacbing 




Kbout in tliem bloodvessels, which are branches of artenea and 
rmm that enter the body of the bone at some particular points, 
in the long ones near the middle of the shafL It is from theu 
bi,>odvesseK together with those that come fi^m the mem- 
Lmne infesting the bone, called periosteum, that the bone is 
nourinhed. But, although an artery runs through the body of 
the hone, to branch out upon the walls of its cavity, none of ita 
branches enter the very subBtance of the bone. How then is 
the bone nourished, that is, constructed and kept in repaict 
The manner in which the material for this purpose ia carried 
to every point of the solid bone has been developed by the aid 
of the microscope, and I will describe it to you. If we out 
across the solid portion of a hone, and examine it with a 
microscope, we see here and there orifices of certain minutfl 
canals (hat run lengthwise of the bone. These canals are 
found to communicate with the cavity of the bone and receive 
therefore blood, or some of the constituents of the blood, from 
the bloodvessels which are situated there. These orifices, as 
seen under the microscope, are represented in Fig. 84. Aroujid 
these orifices a a, you see little dark spots arranged in rings, 
with lines running to th m from the orifices. By magnifying 
the section of bone stiU nore, we see what these spots and lioefl 
are. The dark spots Are small cavities, and the lines ara 
minute tubes running to them. In Fig. 85 is a reprcsentadon 
of this arrangement as seen ia a little portiou of the Bcction of 
boue, more highly magnified than it is in Fig, 84, Tha 
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ibes pass ont from the canals to iLe towb of cavitiea which 
re around the canals, and thua a circulation is kept up at 
rery point of the solid bone. It is supposed that the blood 
self does not circulate in these little channels and cavities 
1 the solid bone, but a fluid containing the constitueota of 
one. For these channels are too small even to admit the 
3II9 which the microscope shows ua as swimming in the blood, 
he fluid that circulates iu them ia selected from the blood, 
hich is contained in the bloodvessels in the cavity of the 
one, and In the periosteum that envelopes it. 

271. It is a very common popular notion, that the hones are 
adowed with great sensibility, and especially the central part, 
le marrow. The surgeon ia very often asked if the sawing of 
IB bone in amputation is not very paiulii], and if when the saw 
iaohes the marrow it does not produce agony. But the 
ones have in th'iir healthy state no perceptible sensibility, as 
have before stated, and the sawing of the bone in amputation 
cessions no suffering. When, however, a bone becomes in- 
amed, severe pain js one of the symptoms. And it is well 
lat it is so ; for if it were not, disease might go on to pro- 
noe disastrous results in a part so covered up by others, with- 
nt any warning of the danger of the case. 

272. The bones are of every variety of shape, to suit the 
arious offices whicii they are to fulfill. You will see this to be 
rue, aa you cast your eye over the skeleton as represented in 
"ig. 8fl. You first observe the somewhat round box of bones, 
rhich contains the brain, and at the same time frirnishes 
ocketa for the eyes, extended irregular surfaces for the appara- 
us of smelling, and for that of the taste, a place for the organs 
f hearing, and at ifa lower part, in connection with the lower 
iw, a mill for grinding the food. Then you observe the many 
ones of the iSorai or cheat, containing and protecting the 
leart and the lungs. The spinal column, k, composed of 
wenty-four hones, you see as a firm but movable pillar, ex- 
ending the whole length of the body, and having its base 
irmly planted upon that stout thick bone, the saemm, which 
1 w»iged in so tightly lite tbe key-stone of an arch, between 
he broad spreading bones on either aide. To this pillar are 
trongly fastened the walls of the chest; and from the chest 
hus supported by tbe spine hang the las front and lateral 
rails of the abdomen. Then below you see the pelvis, aa it is 
»lled, — a set of large bones so arranged in a bowl-form, as to 
tfier a broad surface of support to the contents of the abdomen. 
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le bone oalled the ilium, m and I, on either side, with its 
ring upper Burface, is especially serviceable in thia way, 
le pel™ also fiirnishos a socket for the roand head of tlie 
igh boae s, and points of attachment for the large miiacles 
at move the lower extremity. You observe the large bouea 
the thigh and leg, intended to give flrmneas to the lower 
treraity, and the lighter bonea of the arm and forearm, fitted 
: estent and quickness of motion. And finally, you notice 
e numerous bones of which the hand and foot are made up, 
ving them with the intervening cartilaginous coatings, great 
uticity, and vast rariety of motion, especially in the hand. 

273, I will notice with some particularity some of the 
>nes, of which I have given a genera! descripuon, as they ard 
lited together to form the whole skeleton. I can not notice 
em all, nor dwell upon every point of interest, for this would 
quire much more space than I can devote to the subject. I 
s!I, therefore, select those points which can be made most 
jar and interesting. 

274, I first call your attention to tJie hones of the head, as 
in see them in Fig. 87. There art' twenty-two bones in the 
liole head. Fomteen of these belong to the face, while eight 
long to the cranium, that is that part of the skull which in- 
saea the brain. Of these, notice particularly the large bono 

iront called the frontal hone, a, making the forehead, and 
lioff forming the upper portion of the orbits of the eyes ; 
« parietal bone, b, the upper lateral part of the dome of the 




efcall ; and c the temporal bone on which the parietal bone 
testa. There is a large booe in the rear forming the back of 
the cranium as the fkmtal bone does the froat. There are 
also two bones in the base of the cranium which are out (^ 
sight in this view of the skull. You may, perhaps, be disposed 
to inquire why this box for holding the brain, should be made 
of so many bones. One reason is, that the enlargement of iha 
skriU from infancy to adult age is effected more easily and 
better thaa it would be if lie cranium were one bone. Another 
reason ia, that even in the adult, iafwhom these bones are at 
length so tightly united, violence ia leas apt to produi^ injury, 
from tiie giving, as it ia expresaed, of the bones upon each 
other, than it would be if one bone made tie whole structure. 
And this ia especially true of the child, in whom the bones ara 
very imperfectly united. Hence it is that the frequent falls of 
children upon their heads so seldom do any injury. 

275. The principal bonea of the head are composed of two 
solid plates, while the bony matter between theae plates is ar- 
ranged in a cellular or aponge-like form. The outer (able or 
plate (for both of theae terms are used in relation to it) is 
rather rough, and in aome parts has ridges for the attachment 
of muaclea. But the inner plate is very smooth on account of 
the soft delicate organ that ia contained in the cranium. It is 
so brittle that it has been called the vilreims teble, troin its re- 
semblance to glass in this respect. The modes of the joining 
of the bones (Mer in the two tables. In the outer table the 
joining is by a minute dovetailing, called a suture. Nmueroas 
ultle projections from one bone fit accurately into correspond- 
ing spaces in the edge of the other. This is very well repre- 
sented in Fig. 88, in which you see the sutures on the top of 
the skull ; b being the suture which is formed between tba 
two parietal bones ; a a, that between the parietal and the 
frontal bone in iront ; and c e, that between the parietal anil 
the bone which forms the back of the cranium. A better 
joining for bones of such a shape as these have can not be con- 
ceived of But the inner table is joined differently. It is so 
brittle that the small projecdona of the dovetailing mode of 
joining would not answer here, for they wouid break very 
easily. The joining accordingly ia in this ciae by smooth 
accurately fitted edges, somewhat beveled, ao that one slightly 
overlaps the other. 

276. The upper part of the cranium la in the shape of a 
dome, and is constructed upon the same principles that such 
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The eraniam a dome. ContriTances for giving it strenglh. 



FIG. 88. 




SUTURES IN THE SKULL. 

Structures are in regard to resistance to pressure or violenoo. 
Just as in the domes that are built by man, so in this dome 
of the cranium, great strength is secured around the lower 
part, so as to resist outward lateral pressure. In the dome 
of St. Paul's there is a double iron chain around its base 
for this purpose, of course concealed from view. In the head 
of man the dome may be considered as composed of the 
frontal bone in front, the parietal bones at the side, and the 
occipital bone in the rear. In front you see the base of 
the dome strongly fortified, in the heavy arches that form the 
upper part of the sockets of the eyes," and on the jutting edges 
of which are the eyebrows. In i^e rear the base of the occi- 
pital bone is very thick, and is fortified with ridges which 
furnish attachment to the large muscles in the back of the 
neck. But the most marked and interesting contrivance for the 
strengthening of the base of this dome is at the side. It is where 
the parietal bone 6, as seen in Fig. 87, is joined by the temporal, 
c. The joining here is not by suture, for that would afford no 
resistance to lateral pressure, either outward or inward. To 
secure this object, the lower bone, the temporal, laps over the 
upper, the parietal, with a beveled edge. It abuts upon or 
against it. It has the relation to the parietal of a buttress to 
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an arch. You can readily aee that when great preasurt' 
made on the top of the head, as when a heavy load is carried 
there, there must be b, tendency to outward lateral pressure at 
the base of the dome of the cranium, aud that this is effectualljt 
resiated by the temporal bones acting as buttressea. The si 
tiling ia true, also, when a blow is inflicted on the top of 
head. And if a blow be received at the aide of the liead,< 
the temporal bone, it is evident that the bones will not bo' _ 
apt to he fractured and pressed inward upon the braia, as they 
would be, if they were united by suture. 

277. You are now prepared to see, to what extent the brain 
is guarded against the effects of violence inflicted upon ths 
head. These effects come either from fracture of the bones, 
or from concussion without fracture. In either case the vibra- 
• lion of the parta concerned ia the uuuae of these effects. The 
guards of the brain defend it from injury by lessening or dif- 
fusing this vibration. And it is to be observed, that when 
vibration passes from one texture to another, it loaes some of 
its force in the change. No two substances vibrate just alike ; 
and when a vibration in one is communicated to another, it ia 
modified, and is therefore lessened. Some substances modify 
and lessen vibrations communicated to them more than other* 
do. If you apply these principles to the effects of violence on 
the head, yon at once see that the brain would be much mora 
apt to receive a dangerous shock from the vibration occasioned 
by a blow, if its coverings were condensed into one firm and 
thick layer of substance, than it is now. So also, if the bones of 
the head were in one solid layer, instead of having two layers, or 
plates, with the spongy structure between, and the integuments 
were all consolidated into one thick substance, there would be 
much more liability to fracture than there is with the present 
arrangement. Observe now how many, and how varicrus are 
the textures, through which the vibration of n blow must pass, 
before it reaches tlie brain. Outside of the bone tliere ia first 
the hair ; nest comes the skin ; then there is the cellular 
brane containing some fat; then a muscular coat ; and 
the lining membrane over the surface of tlie bone, 
various textures must deaden very much the force of a 
and especially the outer cushion of hair, and those 
cushions, as wo may call thorn, of fatty cellular membrane 
of muscle. Then, when the vibration reaches the bone, i 
lessened by the two plates with the intervening cells, 
there is diilused largely among the many bones that unite 
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Skull Mpacially guarded at some poiuta. 



e one on which the force comes. Then as the shock goes 
to the brain, it is still farther lessened by the membranes 
lich cover that organ. These greatly diminish the vibration, 
ecisely as a coating of leather on the inside of a bell would 
aden its vibration when produced by a blow upon the out- 
ie. With all these provisions the result is, that comparative- 
few of the blows received by the head do harm. The skull 
ay be considered as a sort of helmet for the brain, its efifect- 
eness as a defense being very much increased by its cover- 
gs and linings. 

278. There are some especial guards at particular points in 
le cranium, where there is much liability to exposure to 
olence. Thus, as the lower part of the frontal bone, where 
le eyebrows are, is especially exposed, the distance from the 
irface to the brain is made considerable by an intervening 
oamber in the bone, called the frontal sinus. This sinus, 
hich varies much in size in different individuals, is lined with 
membrane, and communicates with the nose. You can see 

lat this arrangement is a ^eat protection to the bone at that 
oint. The outer plate coiSd be broken, while the inner is not 
ijured. But the protection which this arrangement affords, 
} not confined to that single point ; it serves also to deaden 
he vibration of a blow received by any part of the forehead, 
>r by the forehead as a whole. The side of the head, too, is 
peculiarly exposed to blows. And, therefore, the skull is 
>6culiarly guarded at this point Beside the overlapping of 
he temporal bone upon the parietal, to which I have before 
Jluded, the parietal bone is made thicker at its lower part, 
vhere it is most liable to be struck, than it is in most of the 
)ther parts of it Then, too, the place of joining of the 
temporal and parietal bones is covered over by a thick muscle, 
he contractions of which you can feel if you press your 
Sngers upon the temple while moving the lower jaw as in eat- 
ing. This cushion of muscle is of great use in breaking the 
force of a blow received in that quarter. Other points might 
be specified where there is arrangement for special protection, 
but those to which I have alluded will suflfice. 

279. The cranium not only contains and protects the brain, 
but it at the same time serves various other purposes, and pro- 
tects other important organs. The tender and delicate eye has 
there a bony socket with jutting prominences all around it, to 
guard it against violence. The exceedingly minute and com- 
plicated apparatus of the hearing is also carefully protected bv 
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the stull, and the most important part of it is furnished with 
winding and intricate apartments, haJls of audience, in fJiat pM 
of tile teiapora] bone which ie so bard, that it is called the 
pelTous or rock-like bone. To the bones of the cranium an 
attached in Tarious nays, the fourteen bones of the &ce. 
these, with the exception of the lower jaw, a 
The two principal of them are the upper jaw bone, and ] 
cheek bone. The former makes with its mate of the 
side the forward portion of the roof of the mouth, the ] 
bones making its rear portion ; and it furnishes the sockets far 
the teeth. It also at its upper part makes nearly the whole of 
the floor of the orbit of the eye. The cheek-bone forms th* 
outM lateral part of the socket of the eye, and sending back a 
process or projection to unite with one from the temporal bone, 
c, Fig, 87, forma the zygoma or arch, inside of which the tempo- 
ral muscle passes down to be fastened (o the lower jaw. Tho 
bones of the noM make t^uite a comphcated aeries of cavitiM 
for the purpose of presentmg, in the mucous membrane, whiU' 
lines them, a large surface, over which the nerve of amell jj 
expanded. A representation of these cavities is ^ven in M 
89 ; in which a is the mouth ; 
b, tiie opening into tbe nos- 
tril ; d, a part of the base of 
the skull ; c, the communica- 
tion of the nostril with the 
back of the throat ; «, the cur- 
tain of the palate ; I, the front- 
al ainua ; m, another large si- 
nus ; g, I, h, spongy bonea pro- 
jecting into the cavity of the 
nostril There is alargo sinus, 
that is not seen in this figure, 
which lies over the teeth in 
the jaw-hone. The different 
sinuses are lined with the mu- 
cous membrane extending into them from the nose. These, » 
the HpOBgy bones make a very large extent of surface in the 
cavities devoted to the sense of smelt. The branches of tbe 
nerves of smeL enter these cavities, to be distribul«d < 
thin walls, through many small openings in a 1 
■xwf of the nose, giving it a sieve-like appearance. 

280. The lower jaw is a bone shaped something like abod 
tboe, with its ends turned considerably upward. Tt has y 
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ooth projecting Burfaces which articulate with two coires- 

idinc shallow cavities in the temporal hone. Its prominence 

the Tower part in front, the chin, ia peculiar to man, there 

Dg no such prominence in any other animal. The lower 

' Sao sockets for the teeth, and it ia so constructed, and ii 

arranged with muacles, that these teeth can he hrought ta 

IT against the teeth of the upper jaw in cutting and grind- 

; motions. 

381. The teeth are very nearly like the bones in their 

icture, hut they differ from them in some particulars which 

Till be interesting to notice. Every tooth has in it three dis- 

zt stmctures, which differ in hardness, fur reasons which will 

>ear clear to jou as I proceed. The dentine or ivory consti 

es the hody both of tlie tooth and of its fangs. In the body 

the tooth there k a coating of that very hard suh!>tance, the 

imel, over the whole surface of the ivory. This is' thickest 

IT the top of the tooth, and grows thinner on the sides till 

is entirely gone where the gum beg^. The ivory in the 

gB has a coating .of a very different character, called the 

wntum. It is not hard like the enamel. This arrangeraont 

represented in Fig. 90. This is a tooth with two fangs or 

■ts; 1, is the enamel; 3, the den- ^^ ^ 

e or ivory : 2, and 7, the cement- 

i ; 4, an unnatural enlargement of 

I cementum, making an eicres- 

ice ; 6, the cavity of the tooth 

)plied with bloodvessels and nervea 

jch come through the channels 

it you see running up the middle 

each fang. This cavity is analo- 

Ds to that which is found in the 

ifts of the long bones as seen in 

J. 83. The ivory and the oement- 

1 are seen by the microscope to be 

7 different textures. The ivory 

tiaversed by innumerable hranch- 

; twbea running from within out- 

jd towards Uie cementum, as 

jresented in Fig. 91. This is a '""'"■ 

ition of a sm^l portion of the ^''^"^'' *"' * ''°^"'- 

ntine and 'iementnm in the fang of a tooth, very much mac- 

iud, a, a, being the dentine, and e, c', the cementum, evidently 

JI;Lr Jilt slmtture. The structure of tlji- i^amel as exhibited 





by the microscope is represented in Fig. 66 and 67, in Oa 
chapter on Cell-Life. I have been thus particular in Urn 
desuriptiou of the parte of a tooth, that you may see hov 
Cfflmpound even so apparently simple a part of the body is. 
The three diffisreat ati'ueturea in it arc built by cells, and the 
cells of each part select from the blood Each constituonte as 
are needed for their purpoae. 

282. A tooth differs from a common hone in one import- 
ant particular — ^wheu once formed it ia_ never altered in its 
size. A bone grows with the growth of other parts of the 
body ; but a toolh, when it first protrudes through the gum is 
as large as it ever will be. The reasou of this is, that bo 
hard a substance as enamel can not be made changeable sa 
bone is. Its hardnosa is inconsistent with any thing like dr- 
culation in it, and without circulation there can be no change. 
If the enamel were not needed, and the teeth could be com- 
posed only of denUne, they cuuld grow as other bones do. 
And if they could grow, one aet of teeth might be made to 
answer the purpose. As it is, the second set are needed, be- 
cause as the jaws grow, the first set are neither large enough i& 
proportion to the size of the jaws, nor numerous enough V> 
fill up the whole space. If the fir^t set were to be the only 
set, wheu the jaws became of their full size, the teeth would bo 
altogether too small, and would ha quite separated from each 
other. Twenty small teeth (the number of the first set) in the 
)awg of an adult, in place of the thirty-two large teeth of tha 
second set, would present a very odd appearance, be«des W" * 
iucupable of doing the service required of them. 
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Hyoid bone. Patella. Spinal column. Its firmneM and flexibility. 

Under the lower jaw is a little bone, called from its resem- 
tnce to the Greek letter v, the hyoid or u-like bone. Its 
md end is towards the root of the tongue, and its two ends 
ich backward towards the spine. The larynx is suspended 
m it as from a frame, and the muscles that draw up this 
ue, draw up the larynx with it. It is one of the few bones 

the body that are not directly connected with any other 
tte. The patelloy or kneepan, is one of these bones. The 
ir little bones in the ear, of which I shall speak particularly 
len I come to treat of the sense of hearing, are not connected 
th any other bone. 

283. I pass now to the bones of the trunk of the body. I 
dl speak first of the spinal column, or the backbone, as it is 
led in common language, as if it were all one bone. In 
ne respects it does act as one bone, although it is made up 

twenty-four distinct bones. It is the great pillar of tlu* 
iy. As such, it has the head resting on its top, and it fur- 
bes support for the walls of the chest, and for the muscles 
dch make up the most of the walls of the abdomen. To it 

are fastened, as you have seen in the chapter on Digestion, 
3 mass of intestines in the abdomen, and indeed to some ex- 
it all the viscera both of the abdomen and the thorax. Sus- 
ning, therefore, as it does so much weight in so many ways, 
stands firmly planted on its great pedestal, the strong broad 
ne of the pelvis, the sacrum. And this pedestal is supported, 

1 have before said, after the manner of a keystone, between 
3 lighter spreading bones of the pelvis on either side. But 
die the spinal column acts as a strong and firmly supported 
lar, it is necessary that it should be flexible for the different 
)tions of the body. It is therefore composed of twenty-four 
nes called the vertebrce, so that, as in any considerable motion 

the column as a whole, there is but little motion between 
y two of them, the motion does not interfere with its oflBce as 
irm pillar. It is most free in its uppermost part, the neck ; 
is considerable in its lower part, the small of the back ; and it 
least of all in that part to which the ribs are joined. You 
idily see the reasons for this difference in motion in different 
rts of the column. For the varied motions of the head there 
need of a free movement between the vertebrae. Then for the 
isting and turning motions of the body, you have the free 
^vement between them at the lower part of the column, 
lich is easily provided for there, because there are attached to 
at portion of it nothing but parts that are pliable. It is not 
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to with that portion of it tiat forms the supporting pillar oftbl 
framework of the chest. There is little motion here bet«Mii 
the vertebrae, because the joining of the ribs to the column 
forbids it. 

But besides nerving as a firm pillar, and as & flexible d 
the spina] column also forms a canal or tube in which ik 
spinal marrow, one of the most delicate and important orgstta 
in the body, is securely lodged. This canal extends throngb tU 
whole length, and from the spinal marrow included in it tliere 
pass out the nerves to go to nil parts of the body, 

284. Having thiia presented a gsneriil view of the spioal 
column, I will now give a particular description of the form 
jements of the bones of which it is composed, so that 
you may understand how the various objects of uiia wonderfiil 
ntnic.tura are secured. In Fig. 92 you see a repreaenlation of 




one of the vertebrre ; n, being the body of the bone ; 6, the hole 
which forms this vertebra's part of the canal for the spinal 
marrow ; and c, the spinous process. It is these spinous pro- 
cesses tliat make the row of projecting points seen down the 
length of the back. There are six other processes, only four of 
which you can see in the figure. Four of these processes servo 
to lock Ihe vertebra with its two adjoining ones above and 
below, which they do so strongly, that there can be no disloCA- 
tioD of them without a fracture. Fig. 93 gives a side view of 
a vertebra. Strong ligainects bind these bones' together, i '' 
there are very numerous muscles attached to the pn> 
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Spinal column. Canal through it. Cartilaget. 



t this jagged column of bones is very thoroughly enveloped 

K>fter substances. 

585. In Fig. 94. you see the whole Pio.**. 

lal column with the sacrum on which 

stands. It is laid open by a verti- 

sectiou dividing it into two halves, so 
x> show the manner in which the bones 
n the tube that contains the spinal 
rrow. The darkly shaded strip through 

length of the figure represents this 
o. It extends, you see, down beyond 

limits of the column itself through the 
rum. It is bounded in front by the 
lies of the vertebrae represented as sawn 
ough firom front to rear, and by the 
Qous processes behind also sawn in the 
le way. In this canal you see there 
i row of little openings, arranged just 
lind the bodies of the vertebrae, 
rough these openings, each of which 
)etween two of the vertebrae, the nerves 
out from the spinal marrow. The ar- 
igement is such, that the nerves are 
y securely guarded against the hazard 
pressure in the movements of the verte- 
s upon each other. You see also that 
ire are spaces between the bodies of all 
) vertebrae. These are filled with car- 
iges, which vary in thickness in differ- 
; parts of the column, from one quarter 
m to three quarters of an inch, being 
ckest in the lower part of the back, 
lere the backward and forward motion "^ 

the vertebrae upon each other is the spinal column 
iatest Each cartilage is firmly fas- 
led to the two vertebrae, between which 
jy are situated, by the rough surface of the body of the bone 
lich you see represented in Fig. 92. This arrangement of 
•tilages is an important provision for the motion of the spinal 
lumn. It contributes greatly to its flexibility*. Wlien you 
K)p forward, all of the cartilages are compressed, and when 
u rise up they return to their usual size by their elasticity. 
id besides this, they serve to diminish any shock which 

16* 



0|>iniil eolumn ilupsH » ai bi gaud b^iut ibfiekt. 

iDJglit otherwise be tranBiiiitted throngb tbe column of bona 
to the head with too great Ejcm. There is another gnwd 
against the injurious tratisniission of sboclt^ to the brain, iu the 
sliape of the spinal column, the twenty-four bones being u- 
ran^d, not in a straight line, but in a double curve. ^ 
vibration, commuaicaled upward through the spina! column, !i 
Uius not only lessened by the elastidty of tiie cartilages, butia 
also distributed in different directions by the curved arrange- 
ment of the bones. If the column had been made strugbt, 
the head would have been subject to frecpent jars in tlia 
movements of the body, which would be disagreeable and 
I'tten injurious. 

286. You have thus seen how th.re« different objects, ap- 
parently' incompatible with each other, are accomplished in tu« 
arrangement of the KpinaJ column. To put tweuty-four bonea 
together in such a wny, that they shall form a strong firm 
pillar for the whole frame, and yet they shall make a colomn 
or chain flexible enough for the various motions of the tniok 
of the body, and at the same time provide in this column a se- 
cure canal lor the rod of nervous matter which moves all the 
muscles of the body, is to produce a piece of mechanism which 
far transcends any thing that has ever been contrived by the 
ingenuity of man. 

287. There remains to be noticed one especial contrivance 
in the spinal column. It b at its summit, and it is for tbe 
purpose of providing for the free motions of the head in various 
directions, and at tiie same time securing the spinal marrow at 
that part from all hauird of pressure from these motions. 
These two objects are accomplished iu this way. The head in 
moving backward and forward rocks on two smooth surfaces on 
the 6rst vertebra. But when the head moves to the right and 
left, this first vertebra moves along with the head on the second 
vertebra. And there is a tooth-like process thai projects np 
from the second vertebra inside of the first, around which this 
rotary motion is performed. In Fig. 95 is represented the first 
vertebra. J. J. are the two surfaces on which the head resla, 
and rocks backward and forward. A is the opening for ibe 
Bpinal marrow. L is the strong ligament which confioee the 
loo!.h'like process that projects upward from the second verte- 
bra. In Fig. 96 is the second vertebra. F is the tootli-Uke 
process, around which the first vertebra rotates, carrying lh« 

. bktill with it. You see it is smaller at its root than at its top. 
LTIiI) :jtnaller part is bound firmly by the ligament in the first 



ra. It k shaped thus to preTcnt its alippiug oat irom the 
int J, J, are the two aurfeces on which the first verte- 
ovea as it rotates around tlie tooth-lik? process. Fig, 97 

the two bonea together, the looth-Uke process being cOD- 
iu the ring of the upper bone. Special psinsaretakeu to 

this arrangement secure, that the process may not ho 
iger of pressing upon the spinal marrow at this impurtnut 
It is thus that me lateral rotary motion of the head and 
rward and backward motion are secured by t^vo joints, 
I is done in the mounting of a tcl<?scope. The difference 
Ett tbe two ca.<!es is, that in the mounting of the telescope 
"ifficulties to overcome, while in arranging tuo 
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mounting of the head, aa ve may term it, a peculiar coni 
and a nice adjustment are needed to prevent injury of a vaf 
important or^an. It is a wonderful contrivance, by which h 
much and so varied motion can be effected in the verf walls thit 
contain the soft and delicate apiual marrow, without injnriiiE 
iL You wil] fully appreciate this, if you observe the extent tm 
variety of the motions of the head and neck, executed chii^T 
with the two bones that I have described. 

288. In the neck of birds there is a contrivance of a differesl 
character, for the arrangement which answers for the molioM 
required by man, obviously could not secure the very free mo- 
tions which the bird executes with its neck. As the bird beodi 
its neck at such abrupt angles in all directions, a peculiar a^ 
rangement of the vertebrse is necessary, to prevent the spinal 
marrow from being pressed upon. The aiTan 
pie, but effectual one. I can make this plain 
to you by the rough diagram in Fig. 88. A, A, 
are two of the vertebrse of the neck l^d open. 
B is the spina! canal, and C is the spinal mar- 
row. You observa that eaeli vertebra is larger 
at its ends than in the middle, allowing at the 
joinings of the bones, where the motion is, a 
considerable space between the bone and the 
spinal cord. Now if each of theae bones were 
of equal size throughout, and the spinal mar- 
row filled up the canal, you can readily see 
that when any two of these were much bent 
upon each other, there would be pressure upon '° """^ 

the spinal cord ; and pressure would produce palsy, and ofteo 
destroy life. But with the simple arrangement above descnbe4. 
free motion, almost to a right-angle in some directions, can ba 
executed without pressing on the cord. And besides this, you 
can see that the cord by this arrangement will not be bent ul 
an angle, aa the vertebrfe are, but in a curve, for the spaces in 
(he spinal canal at the joinings allow of a lateral moveuieiit of 
the spinal marrow at these points. 

289. It would be interesting to consider in full the variatioiu 
in the spinal column in different claijseii of animals, But I will 
only allude to a few of them. In quadrupeds, as they have 
their beads suspended, instead of being supported, as in man, 
upon a column of bones, the spinous processes in the neck aro 
very large, and project much, for the attachment of 

1^ nmscles which hold up the head and move it. There 
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3d to thesa processes, a very stout fibrous ligament, coin- 
called the poxy-waxy, to assist in Bustaining the head, 
ea the spinal column is so arrauged as to 
t a great flexibility. In Fig. 99 is repre- 
one of the vertebrre of a fiah. If you 
JO it with a human vertebra, as seen in 
2, you will see that it difiers very widely 
t. It has no transverse or side processes. 
1 the human vertebra has one spinous pro- 
hat projects behind, this h:is two /,/, one 
it and one in the rear, or rather, accordijig 
usual position of the fish, one above aud 
ilow. The body of the vertebra has a cup- 
ivity on each side towards its neighboring 

ra. When, therefore, two of these verlebrse 

ned together, their two cup-like cavities make 
Lvity of the shape of a double cone, as seen in Fig. 100. 
B a representation of a section 
lortion of the spine of a fisU. """ '" 

livision is made so as to cut 
irtebrx into tw» halves, and 
show these cavities. Each 
f these contains a sac which 
id with a gelatinous fluid, 
arrangement, which secures 
^eat fiexihility of the spinal 
m, you can examine at any 
when you have fish on the 
The long spinous processes 
the broad frame-work of the spinal column of a fish. 
i1, to which itd muscles are 

led. In reptiles there is still greater flexibility of the 
than in fishes. Tliis is secured in two ways, by the 
number of the vertebrx, and by a peculiar arrangement 
em. There are three hundred and four vertebrae in the 
constrictor, over three hundred in the common ringed 
>, and over two hundred in the rattle-snake. The articu- 
>s of the vertebne in reptiles s 
genient. The forward part of each verti-hra 
ike depression, in which plays a round sm 
>ack part of the next vertebra. And as t 
y bound together by ligaments, the spinal column is very 
g as well as Bezible. In the gracefully flexible neck of lita 
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Arranfement of eonar-bone, shoalder-blade» and breBiUioBa. 
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giraffe we have the same ball and socket articulations of the 
vertebrae. 

290. The framework of the chest I have already described 
sufficiently in the chapter on Respiration. The breastbone, 
which is flat and of simple form ijji man, is much larger and 
less simple in its form in some animals. In birds it is not onlj 
broader, but it has a keel -shaped projection for the attachment 
of the large muscles used in flight. The clavicle, g, Fig. 86 (so 
called from its resemblance to a key,) and commonly called 
the collar-bone, is attached at one end to the top of the breast- 
bone, and at the other unites with a process of the scapula^ or 
shoulder-blade at the top of the shoulder joint. It is a prop to 
the shoulder, pressing it outward ; and accordingly it is large in 
those animals, the movements of whose superior extremities 
tend to bring the shoulders towards each other, while it is very 
slender, or absent even, in those the tendency of whose move- 
ments is to keep the shoulders apart. Thus in birds the 
drawing down of the wings by the strong muscles would bring 
the shoulders towards each other, were this not prevented by 
stout clavicles. Sometimes a second bone is added for the 
same purpose. But in the horse and other similar animals, the 
pressure of the body downwards between \he shoulders tends 
to separate them, and here we find the clavicle deficient because 
it is not needed. The scapula, or shoulder blade is a thin bone 
with a stout raised spine or ridge running across it, and ending 
in forming the top of the shoulder joint. It is situated diflfer- 
ently from any other bone in the body. It is imbedded in 
muscles and has a very free motion. Its design is to give free- 
dom of motion to the arm. It is directly connected with the 
skeleton only by its union with the clavicle. In Fig. 101 you 
see the arrangement of the clavicle, scapula, and breastbone. 
C, C, are the scapulae or shoulder-blades. A, is the upper part 
of the breastbone. B, B, are the clavicles fastened to the 
breastbone at one end, and to the shoulder-blade at the other 
end at £, which is a process of the shoulder-blade, making the 
projecting top of the shoulder-joint. D, is another process of 
tlie shoulder which serves for the attachment of muscles and 
ligaments. It is called the coracoid process, from its resem- 
blance to the beak of a crow. 

291. The upper extremity is divided into three parts, the 
arm, the forearm, and the hand. The arm has but one long 
bone, the humerus, t. Fig. 86. This has a round head which 
moves in a shallow cup formed bv the shoulder-blade. The 
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Arrangement of the bones of the forearm for rotary motion. Bones of the hand. 



shallowness of the socket is the cause of the frequent disloca- 
tion of the shoulder. But if there were a deep socket like that 
in which the head of the thigh-bone is, the arm could not have 
any thing hke the freeness of motion that it now has. Such an 
arrangement would involve too much of a sacrifice of necessary 
uscd for the sake of security. At its lower part the humena 
makes a hinge joint with the forearm. The forearm has 
two bones, the radius^ b, Fig. 102, and the ulna, a. The par- 
ticular arrangement of these two bones is worthy of notice. 
The hinge-like motion of the forearm upon the arm is per 
formed by the ulna alone. This bone has a beak-like process, 
which works over a smooth round surface at the end of the 
humerus. It is the outside of this process which you feel at 
the point of the elbow. The other bone, the radius^ has 
nothing to do with this motion. This only rolls on the ulna 
in the rotary motions of the forearm. But at the other end of 
these bones, at the wrist, the arrangement is reversed. Here, it 
is the radius on which the hand moves in a hinge-like manner, 
while the ulna at c rolls on the radius, as the radius does on the 
ulna at the elbow. You can readily see that as the radius rolls 
on the ulna at the elbow, and the ulna on the radius at the wrist, 
a very free rotary motion of the forearm is provided for. The 
combination of this motion with the motions at the wrist, the el- 
bow, and the shoulder, secures that almost endless variety of move- 
ment, which is so striking a peculiarity of the upper extremity, 
as compared with the lower. The hand is divided into three 
parts, the carpus, p. Fig. 86, composed of eight smaii bones, 
the metacarpus, q, composed of bones which are Hke the bones 
of the fingers, r. The eight bones of the carpus are firmly 
packed together, but they have a slight motion upon eadi 
other, and this, together with the motion of the metarcarpal 
bones, makes the hand a more easy, light, and springy instru- 
inent than it would be, if these bones were all consolidated into' 
one. The metacarpal bones are the framework of the flat part 
of the hand, and to them are joined the first row of the bones 
of the fingers. The metacarpal bone of the thumb has a very 
free motion upon the carpus, diflfering in this respect altogether 
from the metacarpal bones in the body of the hand. The 
bones in the wrist and hand are bound together by very strong 
ligaments. Those which are seen in the palm of the hand are 
represented in Fig. 103. Those which you see at a, 6, and c 
bind the small bones of the wrist together, and also tie them 
Btrongly to the bones of the forearm, the ends of which you see 
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In the Figure. The bone at b, to which so many of these liga- 
meutfl are attached, is the prominent bone which you feel at the 
beginning of the palm of the band on the aide towards the 
body. The ligament g connects this bone with the metacarpal 
bono of (iie litUe finger. At d, d, are ligaments which running 
across tlie band bind the metacarp^ bones together at their 
beginning. At e, e, are similar ligaments where the bones of 
the fingers join them. The bones of the fingers and thumb are 
Bttongly h^d together by lateral ligatnenta, as seen at /,/. 
The various ligaments of the wrist and hand permit a slight 
motJon between the bones; and thus the hand has freedom 
and ease in its motions while it is also a very strong and firm 
iDstmment. 

292. The lower extremities have some resemblance to the 
■upper in their structure and arrangement, but they differ from 
them in some important respects. Here firmness is the chief 
object, while freedom of motion is the great thing to be secured 
in the structure of the upper extremities. The lower extmni- 
17 



tiea are chiefly for loconiotion, but the npper are fitted for i 
variety of purposes. The borly is supported upon the lower 
eittreoaities, and, therefore, the thigh- 
boneB have sockets in the brosd flai^ puj, loj, 

ingbonraof the pelvis m and/, Fig. 86. ,., 

In Fig. 104 ia represented arear view of 
the thigh-bone. Its head, a, ia ronnd, 
and fits into a deep socket in the 
pelvU. At & is a depression in which 
one end of a stout short ligament is 
jastened, its other end being attached 
to the bottom of the socket. At c is 
the neck of the bone; at d and e are 
two projections to which are attached 
large muscles to move the limb. 
Along the shaft of the bone, .<?, there 
b a rough ridge, A, to which muscles 
are fastened ; i and i are two smooth 
surfaces for articulation with the leg 
below. At t. Fig. 86 is the bone 
called the patella or kneepan, which 
answers as a defense to tlie joint, 
and at the same time a&rds a 
mechanical advantage to the muscles 
which throw the leg forward. These 
muscles are fastened to the upper 
part of the patella, and then a con- 
nection ia formed by a strong tendon 
between its lower part and the large 
bone of the leg. You see at once 
that the leg can be thrown forward 
with more force by this arrangement, 
than it could be if the tendon of the 
muscles passed over the front of the 
joint without any patella. I shall 

refer to this again in the Chapter on the Muscles. The leg, 
like the forearm, has two bones, v and «, Fig. 86 ; but unlike 
thera they are constructed and arranged for strength, and not 
for freedom of motion, The foot, like the hand, ia divided g*" 
three parts. The tarsus, a. Fig. 105, is that part of th«i 
which extends from the heel to the middle of the foot J 
composed of seven bones, the largest of which makes the H 
of the heel. The melataraus, b. lias five long bones reac 
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Baitieity of the foot. Arrangement for oiling the Jointi. 



FIG. 105. 




1 .the tarsus to the toes. The toes, c, have fourteen bones* 

object of having so many bones in the body of the foot is 

ive a certain springiness to it, which guards against shocks, 

facilitates motion. Its arched form also tends to secure the 

e object In every movement of the foot there is a sHght 

ion between all these bones. Thus in walking, when the foot 

touches the ground, it does so at the heel, as represented in 

106. Then as the body moves forward, the fore-part of the 

is brought down, the weight of the body at length press- 

upon the ground at the ball of the foot, b. In executing 

movement, elasticity is given to the tread of the foot by 

very slight motion which occurs between these many 

es. If the body of the foot were all one bone it would 

lifestly be a very stiff and awkward affair, and ease and 

je in walking would be an impossibility. With such a foot 

should not walk much better than one does with a wooden 

93. Before leaving the subject of the ^®* ^^* 

es, I will call your attention to the 
irision which is made for the easy 
.rement of their joints. The ends of 

bones are tipped with cartilage, so as 
ifford a firm but smooth surface for the 
:ion of the one bone upon the other, 
ides this provision, the ends of every 
» bones that move upon each other are 
td with a membrane, so arranged as to 
ke a .blind sac. This is illustrated in 
'. 106, in which a and b are the ends 
two bones, the sac, c, lying between 
m represented here as detached from 

bone, in order that the arrangement diagram 

7 be clear to you. It is as if a small shoving dMiudnc of a 




196 HUMAN PHYSIOLOGY. 

Each fibril of a niiucle sopplied by a nervous tabulu. 

bladder were introduced between the two ends of the bonea, 
and were fastened all over the surfaces that press together. 
The inside of this sac is kept lubricated with a bland fluid w 
sembling the white of egg, so that the joint may work ea^ly. 
This fluid is secreted by the membrane itself^ and the moving 
machinery of the human system may therefore be said to ofl 
its own joints. In the knee-joint, the broad surfaces of which 
are subjected to so much pressure, there are two flat pieces of 
cartilage loose in the joint, which operate like friction wheels in 
lessening the friction. There is a similar provision in the 
articulation of the lower jaw. This member does so much 
work in talking, and such heavy work in mastication, that each 
of its joints has a movable cartilage for the diminution of 
friction. Sometimes when the lubricating fluid is deficient^ or 
becomes too thick, a disagreeable crackling noise is produce^ 
by these cartilages in the motions of the jaw. 



CHAPTER XII. 

THE MUSCLEa 



294. Having described the bones, I now proceed to speak 
of the muscles, which move them and other parts of the frame. 
I have already described the structure of muscles in § 203 in 
the chapter on Cell-Life. Each fibril, you there saw, is a chain 
of cells, and it is the shortening of all these chains of cells in a 
muscle that produces its contraction. The action of a muscle 
is dependent upon the nerves. Each fibril has a nervous fibril 
or tubulus, (§ 232.) by which its connection with the brain or 
spinal marrow is established. And each fibril is in this respect 
probably wholly separate from every other fibril. When, there- 
fore, the mind wills that a certain motion shall be performed, 
an impression (§ 232) is sent to each fibril of every muscle en- 
gaged in that motion, through the tubulus devoted to that 
fibril. When the action is a very compound one, calling into 
operation many muscles, a multitude of these impressions are 
communicated through a multitude of distinct channels or 
tubuli. The individual is not at all conscious of the compound 
nature of muscular action, and he knows nothing of the musdes 
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Relation of mufcles and teodont. Their relative liae. 

2h produce any particular movement, unless he has studied 

A>my and physiology. He wills the movement to take 

e, and at once the requisite impressions are sent along the 

ropriate channels or tubuli to their destination. These im- 

sions must differ in degree or intensity in producing differ- 

amounts of motion ; and they must differ in some cases in 

)rent parts of the same muscle, as some fibres are put in 

ion while others are not, or as some act with more force 

1 others. I will not dwell here on this point, as I shall 

ir to it in another part of this chapter, when I come to 

\k of the compound character, and the varieties of motion. 

95. Muscles commonly end in tendons, which, as they are 

te and shining, are quit^ in contrast with the red muscular 

3S. The tendons have in themselves no power of contrao- 

, but are mere passive cords. They have the same relation 

he muscles, that ropes have to the men that pull them. 

ly are of various shapes, according to circumstances. Long 

slender tendons may be seen on the back of the hand in 

i persons, the muscles that pull them being in the full arm 

ve. The tendons are not bounded by a distinct line where 

Y join the muscles, but tendinous and muscular fibres inter- 

Qe, so that they appear to run insensibly into each other. 

idinous fibres also mingle in the same way with the fibres of 

le, making so strong an union, that a great force exerted in 

ling on the tendon will sooner effect a rupture of the tendon 

^e bone, than a separation of the connection between them. 

3 tendons are very strong, being made of very condensed 

ous substance. The tendon of a muscle is, therefore, much 

aller than the muscle itself. This is a circumstance of much 

jortance in the arrangement of the moving apparatus of our 

mes. The bulky muscles and the slender tendons, are so 

anged, for example, in the limbs, as to give them both free- 

n of motion and beauty of form. The muscles that move 

I fingers help to make up the full • part of the arm, while 

jir slender tendons occupy but little space as they play over 

) bones of the wrist. If there were no tendons, and the 

iscles were extended to the parts which they move, the hand 

•uld be a large cumbrous mass, instead of the light and agile 

ng that it is now. For the muscles would of necessity be 

atinued of their full size, and, therefore, the bones would of 

arse be very large in order to afford an attachment to the 

iscles. 

296. In the action of the muscles upon the bones, we havo 

17* 
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The time kiadi oflew e M wpliH e d ia the 



examples of the three kinds of levers treated of in natural do* 
losophy. Some of these I will now notice. The first Idnd rf 
fever has the folcram between the weight and the powsTi fl 
vepresented in Fig. 107. F is the falcram, W the wdg^ td 

FI6. 107. 




FIBST KIND OF LEVSB. 

F the power. Yon have examples of this lever in the commou 
pnmp handle, the beam of a pair of scales, the crowbar, » 
commonlj used, s(us8ors, &c. You have an example of this fi>m 
of lever in the human body, in the action of the mnsdes m 
moving the head back and forth on the top of the spmil 
column. In this case, when the head is moved forward, the 
top of the spine is the fulcrum, the weight to be moved is thB 
back of the head, and the power is the contraction of the mnscks 
that bow the head forward. When the head is bent backward, 
the power is the contraction of the muscles behind, and the 
weight is the front part of the head. The muscles that move 
the head backward are stronger than those that move it fo^ 
ward. It is necessary that it should be so, for there is more of 
the head in front of the point of support or fulcrum than there 
is behind it Hence, when sleep relaxes the muscles, if we are 
sitting up the head ^lls forward. 

297. In the second kind of lever the weight is between the 
fulcrum and the power, as represented in Fig. 108. The com- 
mon wheelbarrow is an example of this form of lever. Yon 
have an example of it in the body in the raising of the hed 

FIG. loa 




8B00ND KIND OF LETBB. 
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from the ground in walking. In doing thia the weight to be 
raised ia the whole body, the foot being the lever, and the 
forward part of the foot being the fulcrum. This will be made 
«loar by Fig. 109. W ia the large bone of the leg sustaining 




ths wught of tbe body ; F, is the fulcrum, tbe fonrard part of th« 
Csot tiiat presses on tue ground as the heel is raised; and P, ia 
the la^ muscle in the calf of the leg, the power that rusea 
the hee^ the end of the lever. 

298. In the third form of lever the power is between the 



™« 



;ht and the fulcrum. A 



example of this is seen 



in the rusing of a ladder. , The fixed foot of the ladder is the 
folcrum, the ladder itself is the weight, and the power is ap- 
plied aa &r from the fiilcrum as it can be. Fig. IIO, represent* 



iHian KINO Qy lkvkil 

■ lever of this kind. This form of lever is more frequently 
nsed than the other forma in the human body. We have au 
example of it in bending the forearm upon the arm as seen in 
Fig. Ill, in which 1 is the bone of the arm; 2, tiie bones of 
the forearm ; 4, the muscle which bends the forearm upon the 
arm ; S, ita doable headed attachment above ; and 0, its at ' 




lachni-'nt to the radius, one of »tie biiiu'« i>t'llie llii 

! the fulcrum is at 8, the jafct of the elhow, the weiglitii I 
the hand with whatever it holds, and tlie power is apitlii-d f* 
the point where the tendon is iastened to the radius, thutis,as in 
the case of the ladder, between the fiilcrum and the weight. 
The muscle which straightens the forearm unoti the artn it 
represented at 7. I shall remark upon this m another con- 
nectiou. 

209. In the management of the three kjnd^ of levers ihen 
are two different objects aimed at under difTereDtcircurastances. 
One object is to move a great weight with a email powef. 
Here quickness is not aimed at, hat the weight is moved slowly. 
The other object is to move the weight quickly, an object io- 
conaistent wiUi the moving of any very heavy weight. When 
the object is to move a heavy weight slowly, the lever is so 
managed as to get a good purchase, as it is expressed. Thus 
in the case of the lever of the second Idnd, Fig. 108, if the 
weight be a heavy one, the power is commonly applied at some 
distance from the weight. The nearer the power is to the 
weight, the greater must it be to move the weight The smaller 
the power, Uie further must it be from the weight in order to 
raijse it But though a small power if at a distance from 
the weight answers to rme it, yet in this case tie power mast 
move through a con^derable space to move the weight but 
little ; while to raise the weight to the same height, a power 
nearer to it passes through but Utile space. This will be made 
clear to you by Rg. 112. F is the fulcrum, and W the w«ght 
If the lever. A, be raised to the line, B, the dotted linea mil 
show the different spaces which the power passes through, h-' 
cording to its distance from the weight. If the power be «' ~ 
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Qoieknen mora often important than powar. 



FIG. 113. 




passes through the space indicated hj the dotted line a in 
►ving the weight W to c. But if it be at jt?, it passes through 
much shorter space, b, in raising the weight to the same 
ight The more important, therefore, in this form of lever 
ickness of movement is, the nearer to the weight is the 
nrer applied. Let us look at the application of these prin- 
les to the example of this kind of lever, which I cited from 
) human body, represented in Fig. 109, the raising of the 
ight of the body on the foot in wdking. The power is here 
plied quite near to the weight, for quickness in raising the 
dl in walking and running is of great importance. By hav- 
r the heel project farther behind, the muscle could be at- 
:hed farther from the weight, and thus act with more power. 
it there would in this case be a sacrifice of quickness of move- 
snt, and besides this, the lengthened heel would present a 
y awkward and ugly appearance. 

«300. But it is in examples of levers of the third kind that 
I find these principles best illustrated. This form of lever is 
ich more often used in the mechanism of the muscles than 
i other forms. I refer you to the example given of ttis lever 
the action of the biceps muscle in bending the forearm, as 
own in Fig. 111. In this case it is of much more importance 
move small weights quickly, than to move heavy ones slowly, 
lerefore the power is applied quite near to the ftilcrum. The 
idon of the biceps, as you see, is fastened to the main bone 
the forearm near the fulcrum, the elbow. You can readily 
3 that the point where the power is applied would pass 
rough but a little space, in moving a weight through a con- 
lerable one. The lower jaw, in its upward motion, is a lever 
the same kind. In this case, force rather than quickness is 
[quired in breaking and grinding the food. Here, therefore, 
e power, the action of the muscle, is applied farther from 
e fulcrum than in the case of the biceps muscle of the arm. 



BTTIUS FHTMOIjOGT. 

' maat uu p mti at ia tim uh ofih^ Invw 
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and nearer to the weight to be moved, or Uip point where tin 
resistanre is which ia to be overcoino. It is applied abo in ■ 
differeii'. directJon, a poiot which I shall however speak of In 
another connection. The muscles which move the lower jaw 
upward can be s«en in Fig. 113. One is the l&rge s] 




muscle 6, the swelhng of which, in lU contraction, we can feel, 
if we place the hngere on the temple wble moving the lower 
jaw upward The other k the «hort strong muscle c, thn front 
edge of which is ao far forvird that one third at least of the 
lower jaw-bone is embraad by this muscle Now, if you com- 
pare this bone an a lover with the forearm as acted upon by 
the biceps, you will at once see that the po ver is apphed much 
nearer to the weight, or the rea stance to be overcome, in the 
case of the jaw than in the ca^ of the arm It is so even when 
the resistance to be overcome is at the front teeth ; and it ia 
much more so when the r si^tance is at the back part of the 
mouth, as when we are grind ng our food Here, indeed, a por- 
tion of the muscular lorttj is brought to bear upon the resistanos 
in & direct line. It is not merely because the back teeth i 
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>Dger than the front ones, but also because the power is nearer 
I resistance, that we can crack a nut more easily with the 
k^ than we can with the front teeth. 

301. It is clear that the biceps muscle acts, as it is expressed, 
a mechanical disadvantage, if we regard mere power or force, 
1 leave out of view quickness of motion. K it were inserted 
ther down on the forearm, nearer the hand, it could raise 
ich greater weights than it now can. And the same can be 
d of most of the other muscles of the body. But force is 
srificed for the sake of quickness in most cases, because the 
ter is more important. In the few cases in which force is 
>re important, as in the case of the lower jaw just cited, the 
^erse arrangement is provided. The gain in quickness in the 
•angement of the biceps muscle can be illustrated on Fig. 114. 

FIG. 114. 




being the fulcrum, the power in raising the weight, W, to c, 
' acting at P, passes through the space indicated by the dotted 
ne a. But if it act at pj it will pass through all the space 6, 
ad of course raise the weight more slowly than when acting at P. 

802. Most of the muscles work at a mechanical disadvantage 
1 another way. I refer to the direction in which the musde 
cts on the bone to be moved. This is seldom at right angles, 
nd therefore a considerable part of the force exerted is lost 
.lus can be made clear to you by Fig. 115. Let b represent 
he bone of the arm, and r its fulcrum, or point of support in 
he shoulder. You readily see that if the bone be acted on by 
k muscle, m, at right-angles to it, it will require less force to 
Dove it to a given point than would be required if the same 
nuAcle were placed m the position represented by n. For the 
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Wheo icMi in power, gain in quiclcneH. 



FIG. 115. 




muBcle fly actiiig obliquely on the bone would expend a part of 
its force in pressing the end of the bone upward against the 
socket of the joint at r. 

303. But in this case also, what is lost in power is gained in 
quickness of movement. This can be shown on l£e figure. 
We will suppose that the muscle contracts or shortens itself the 
half of the length of the teiirlon. If the muscle were placed as 
at m, the bone would be carried to the line a, c. But if the 
muscle be placed as at n, the same degree of contraction would 
raise the bone to the line a, c?, the point of the bone where the 
tendon of the muscle is attached moving in the curved line as 
marked. The resistance to be overcome, of course, requires 
much more power for the obliquely placed muscle, w, to raise 
the bone to the line a, rf, than for the muscle m to raise it to 
a, c ; and therefore a much larger muscle is needed than there 
would be if it acted at right-angles to the bone as at m. And 
the muscle which raises the arm at the shoulder, acting as it 
does at so great disadvantage, is a very large muscle. The 
muscle, riy in the figure represents only the line of its action, 
^nd not at all its shape. If you observe the various motions of 
the arm in which this muscle has a part, you will appreciate 
the necessity of so arranging it as to secure quickness of move- 
ment. This was the chief object to be aimed at in its arrange- 
ment; and the second and less important object, power, is 
secured, so far as it is needed, by simply making the muscle a 
large one. 

304. The mechanical disadvantage, which I have noticed as 
resulting from the oblique action of the muscles, is in part ob- 
nated by a very simple contrivance. It is done by making thf 
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CkmtriTance to ch&ngo the direction of force. 



FIG. 116 
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FIG. 117. 
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tt of the muscle work over an enlargement of the bones ai 
ints. The operation of this contrivance can 
ide clear by Figs. 116 and 117. Let r and 
;. 116) be the two bones of a joint, and let 
uscle m be attached to the bone o at t. As 
tracts, almost all its force will be spent in 
Qg the bone o upward against the bone r, 
so it acts almost entirely in a line with the 
But let the ends of the bones be en- 
l as in Fig. 117, and you can see that the 
ion of the tendon of the muscle m is so 
:ed where it is attached to the bone, that the 
e can now very easily make the lower bone 
jpon the upper. The enlargement then of 
ones at the joints, which is needed to give 
iquisite extent of surface for working them, 
jrs also another good purpose in thus alter- 
le direction of force in the muscles. In the 
of the knee-joint there is an additional contrivance for 
\g this change of direction still greater. A movable bone, 
•atella or kneepan, besides acting as a protection to the 
effects also the purpose referred to. The manner in which 
s this can be made plain by Fig. 118, in which a represents 
id of the thigh-bone ; 6, the end 
3 large bone of the leg articulat- 
ith it ; c, the patella ; d^ the large 
n which comes from the muscle 
I, and is fixed into the patella; 
?, the tendon which goes from 
>atella to the large bone of the 
)elow. The dotted line shows 
much the direction of the force 
e muscle is changed by this ar- 
fment. The movement performed 
is muscle is throwing the leg and 
brward, which it is by the above 
gement of the patella enabled to 
ith great ease in walking, and 
great force in the act of kicking. 
6. The pulley is used in the ar- 
iment of the muscles, though by 
leans as often as the lever. It 

b, whenever it is used, to give the ibrce a different direction 

18 
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The pulley-arranfement in mulclai. 

from what it would otherwise have. I will cite but a few 
examples. At the wrist and the ankle there are broad liga- 
ments, which bind down the tendons of the muscles, and sus- 
tain to them the relation of pullies. If it were not for these 
ligaments the tendons at these joints would fly out continually 
when the muscles are in action, making projecting cords under 
the skin. And if the skin were removed, the tendons would 
be in a position similar to that represented at A, in Fig. 119. 

Fia 119 




In this Figure, C is the tendon of the great toe in its position as 
bound down by ligaments. Now if the muscle were in the 
position represented by A, it is plain that it would act at a 
greater mechanical advantage than in the position C ; but the 
toe would not be moved as quickly ; and besides, if the tendons 
projected in this way, the foot would be a very cumbrous piece 
of machinery, compared with what it is now, with the tendons 
bound down around the slender ankle. So that both beauty 
and use are secured by the arrangement 

306. There is a beautiful application of the pulley in the. 
case of the muscle that draws down the lower jaw, called 
the digastric muscle. It is represented in Fig. 120, in which 
a is one end of the muscle attached behind the ear, and b is the 
other end attached to the inside of the lower part of the chin. 




musoular at the two ends, and tendinous in iti 
This middle part runa through a loop or ring in a smuU 
e Hs represented in the Figure. This little muscle ia 
ed above to a small process of bone under the ear, and 
to the byoid, or U-shaped bone, c, which is situated just 
; the larynx. Now when the jaw is to be drawn down, 
wo fleshy ends of the digastric muscle contract, and the 
le tendinous part works in the ring provided in the little 
le. This muscle is so slender, that its loop is of itaelf alone 
y strong enough, as we should suppose, for the tendon of 
'ge a muscle as the digastric to work in. And we accord- 
find that there is an additional security in a strong liga- 
, which ^tens the tendon of the digastric muscle to the 
1 bone. This ligament (which 1 have not represented in 
igure, because it would confuse your view of the ]mliay- 
of the parts) is sufBciently long to allow of all the 
om of motion necessary to drawing the jaw downward, 
sea at once that one object of this arran^ment of the di- 
■io muscle is to secure beauty of form in the neck. A 
da entendiog from the top of the cheat to the chin in a 
ght direction would veiy effectually draw down the lower jaw, 
t would be a great deformity. This is avoided by the pulley- 
ngement of the digastric muscle. But this muscle answers 
her purpose besides drawing down the jaw. If while the jaw 
leld fast by muscles which draw it upward, the digastrio 
racta, it will draw up, as you can readily see by the Figure, 
hyoid bone, c, and with it, of coui'se, the larynx which is ab- 
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tached to it. Now precisely this set of motions occurs when we 
swallow. The mouth is shut by the drawing up of the jaw, 
and then the contraction of the digastric muscle draws up the 
larynx, as you can perceive if you place your fingers on tlie 
larynx, or Adam's apple, as it is called, when you perform the 
act of swallowing. The little muscle in which the loop is, 
renders some assistance to the digastric in thus drawing up the 
hyoid bone and the larynx, as you can see by the Figure. 

307. I will notice one more example of the pulley-ar- 
rangement It is in the eye. There are six muscles that 
move the eye-ball. Five of them are represented in Fig. 121. 
There are four straight muscles, three of which are marked 

FIG. 121. 




a, b, c ; the fourth is behind 6, the upper edge of it onjy 
being seen in the Figure. These muscles are at their origin in 
the back part of the socket of the eye arranged round the optic 
nerve, and passing forward are attached to the sclerotic coat, 
the firm white coat of the eye. The two lateral muscles, 6, and 
its opposite, move the eye to the one side and the other, and 
the two muscles, a and c, perform the up and down motions. 
But there are certain oblique rolling motions of the eyeball 
which can not be executed by these straight muscles. For these 
motions two muscles are provided, one of which has a pulley- 
arrangement, as represented in the Figure. This muscle, «, has 
a long tendon which passes through a ring in cartilage in th«» 
roof of the socket, and then turning back is fastened as you see 
to the upper part of the eyeball. This muscle, as stated in the 
chapter on the Nervous System, is under the direction of one 
nerve alone. It is an involuntary muscle which performs thtf 
insensible rolling motions of the eyeball, and like the other in- 
voluntaiy muscles of the body, is at woik while we are asleep^ 
as well as when we are awake. It is the muscle which roUs 
about the eye tremulously when it is open in the insensible 
state sometimes produced by disease. 
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Opposing muscles. Compound muscular action. 

. Every muscle performing a motion has its opposing 
) or muscles, which perform the opposite motion. In the 
f any two opposing muscles the one must be in some 
re relaxed while the other is in action. Thus in alter- 
bending the elbow, and straightening it, there is alternate 
and relaxation in the two opposite muscles 4 and 7, as 
snted in Fig. 111. So in moving the head back and 
the muscles in front and rear are alternately contracted 
laxed. Paley very aptly compares this to the action of 
iwyers in a pit, as they move the saw back and forth, 
omparison, however, is not strictly true, because the re- 
muscle is never wholly relaxed. There is indeed in every 
) some amount of contraction which is independent of 
through the nerves, whether it be reflex, or produced by 
11. For this reason the muscles cut off in amputatior^ 
imb retract. So also if the muscles on one side of the 
3 palsied, the muscles on the other side draw the mouth 
,t side. The mouth is held in the middle of the face by 
ual action of pairs of muscles. The head, too, is held in 
)rium in the same way. In what is called wry-neck, this 
contraction, as it is sometimes termed, is greater in the 
as on one side than it is on the other. In some cases a 
jan be effected only by dividing the contracted muscles, 
ibismus, or squinting, one of the straight muscles of the 
J contracts too strongly for its opposing muscle, and as 
r-neck, dividing the contracting muscle is often necessary 
ledy the difficulty. 

I. Most motions are not performed by single muscles, but 
3 joint and agreeing action of several, and sometimes 
muscles. And as these muscles may vary to a great 
. in their degree of contraction, the motions produced by 
are not only compound, but are exceedingly varied. To 
ate this compound and varied character of motion, I will 
X) a single example in which only two muscles are con- 
l in the motion. In Fig. 113 you see a pair of muscles, 
f which is marked A, which extend from the large protu- 
3es behind the ears to the top of the breast-bone. In the 
jf a thin muscular person these muscles are very promi- 

When they contract equally^ the head is bent straight 
rd in the middle Hne between the muscles, and a line 
I from the middle of the forehead down to the breast- 
would strike exactly at the point where these two muscles 

But if one muscle contracts more strongly than the 

18* 
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other, the head as it bows forward bows towards the ade oo 
which is the strongest contraction. And as the degrees of 
contraction in these two muscles may be endlessly varied, so 
there may be an endless variation in the degree of inchnation 
of the head to one side or the other, as it is bent forward. K 
then so great a variety in the direction of motion may be pro- 
duced by variation in the degrees of action in two muscles, you can 
readily see that an almost infinite variety of motion must result 
from this variation, where many muscles are called into action. 

310. I know not any part of the body, which exemplifies in 
so palpable a manner the compound and diversified character 
of muscular motion as the tongue. It is mostly a bundle of 
muscular fibres, apparently mingled together in confusion, but 
really arranged in perfect order, so that it can be moved with 
great definiteness in all directions, forward, backward, upward, 
downward, to either side, and in all intermediate directions. K 
you stand before a glass, and opening your mouth, move the 
tongue rapidly about in all these directions, you thii^ of a hu- 
lequin performing his antics. But all this wonderful varietfr of 
movement is produced in obedience to the definite action of 
nerves, whose fibres are mingled with the muscular fibres of the 
tongue. And in order to produce each motion there is an agree- 
ment of action not between merely many of these fibres, bat 
between multitudes of them. 

311. With the view which I have given you of the compound 
and varied character of muscular motion, you are prepared to 
tiiko a general survey of the muscular systenL For this pur- 
pose I call your attention to a side view of the muscles of the 
body as presented in Fig. 122. I must premise, that you can 
get no idea firom this Figure of the number of the muscles in 
Uie body, for you see here only the outer layer of musdes, and 
there are many muscles concealed by them. Ton observe that 
Uiey are of various sh^fies and sizes, according to the motions 
which they are designed to produce, and the circunstaoceB 
in which they are pliused. They are round, long, short, flat, 
fiin-shaped, circular, serrated, 4c. I will point oat aome 
of them. At a IS the very large muscle that makes the 
fleshy prominence at the upper part of the arm, and the 
office ct which is to raise the arm, caitying it out firom the 
body. You observe that its fibres are not all arranged alike 
but lie in di^ient directions. The result is, that while the 
arm is raised br the muscle as a whole, it may be carried at 
Uie same time Ibrvaid or backward by the varying actiim of 
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these different fibres. There are many of the musdes of tlia 
body which are made thus to produce various results by 
variation of the action of different parts of the same muscle. 
And the regulation of this variation by the nerves is one of 
the most wonderful and mysterious things which we find in 
our study of the nervous system. For each fibre in the cases 
referred to is told, as we may express it, just how much it must 
do in order to produce the requisite general motion of the 
muscle. It is manifestly much more wonderful thus to pro- 
duce various but accurately graduated contraction in different 
parts of the muscle, than to produce an uniform contraction in 
all its fibres. 

312. I go on with my notice of the particular muscles. At 
b is the biceps muscle, which bends the forearm upon the arm, 
and at c is another muscle that assists the biceps. At « is the 
large muscle in the back of the arm, which acts in opposition 
to the biceps, and straightens the forearm upon the arm. At 
d is & muscle which rolls the radius outwards, and thus tunu 
the palm of the hand upward as seen in the Figure. At ^ is a 
very large broad muscle coming firom the whole length of the 
back, and at the axilla or arm -pit, its fibres are collected, 
twisted, and folded upon each other. The muscle is ^stened 
by a stout tendon to the upper and back part of the bone of 
the arm, and its office is to pull the arm backwards and down- 
wards. At ^ is a serrated muscle, which rising from the riba, 
goes to the shoulder-blade, and serves to draw the shoulde^ 
blade forwards. At i is one of the broad muscles of the ab- 
domen. At / and k are two large muscles that move the 
thigh. At o and p, as seen on the right thigh, and at n, as 
seen on the left, are three large muscles, which are fastened to 
the kneepan, and serve to throw the leg forward as described 
in § 304. At g is the tendon that forms the outer hamstring, 
and at r are the two tendons which form the inner one. The 
muscles to which these tendons belong, serve to bend the leg 
upon the thigh, drawing it upward and backward. At * is 
the muscle which makes the bulk of the calf of the leg. It 
lifts the heel upward and backward, and it is seen in action in 
the right leg of the Figure. Its strong tendon which is at- 
tached to the top of the heel bone is called, on account of its 
strength, the tendon of Achilles. This muscle is in Fig. 109, 
the power P which raises the weight of the body, W, on the 
fulcrum, F, as the heel is raised from the ground in walking. 
SIS. In Fig. 123 you have a rear view of tbe muscles. At 
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mh z T€nr broad iniisde. which nshij &:m ±e bade is attaelMd 
to dif^^rent paita of the shoalder-bL&de. Yoa can see that 
this irregularlj shaped mosder will move the shoulder-blade 
Tanooslj, according to the TarioiB aotioD of the didS»ent fibrn 
of the niiKcle, which ran in so di^rient directions. At c jon 
^ee the rear part of the mnsde that raises the arm. At 6 is 
the extensiTe mnsde that yon saw in Fig. 123 at ^, which 
draws the arm backward. At f is a large muscle that draws 
the thigh backward. At y. h^ and / are the mnsdes whom 
tendons form the two hamstrings. At t is the mnade that 
forms the calf of the leg, and raises the heeL 

314. I have thus described to yoa a few of the principd 
muscles in the body, that you may have some idea of the modes 
in which they act, and the manner in whkh they are arranged. 
Those which I have described are all muscles of oonsidenhle 
size. But there are some exceedinirlY small muscles in the 
body, producing some very delicate motions. For example, au 
the variations in the note of the voice result, as you will see in 
the Chapter on the Voice, from the variation -of tension of 
the vocal ligaments, which is regulated by certain very small 
muscles. As the laborer sings over his work, great is the oon* 
trast between the delicate action of these little musdes, and the 
strong action of the muscles of his stalwart arm. A vanation 
of less than a hair's breadth in the contraction of the musdes 
of the vocal ligaments suffices to produce an appredable diffe^ 
ence in the note of the voice. 

I have thus far spoken of the bones especially as being 
moved by the muscles. But other parts are moved by them 
also. In the case of the voice, just alluded to, the little muscles 
move cartilages to which the vocal ligaments are attached. 
The tongue and the palate are moved by muscles. Muscles 
move the skin. In man this is generally very much confined 
to the face. The mouth, the eyelids, the eyebrows, &c, are 
moved by musdes. In many animals the skin is moved ex- 
tensively by muscles, as for example when the horse shakes his 
skin to get rid of the biting flies. 

315. In the arrangement of the muscles great regard has 
been paid by the maker of our bodies to convenience and sym- 
metry, and not merely to mechanical advantages. Thus, the 
muscles moving the fingers are mostly placed in the forearm, 
while the slender tendons pass over the surface of the bones in 
the wrist The flowing outline of the arm is thus secured, and 
the hand is made a light, and at the same time, a strong ap- 
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ContriTanoM in muscles and tendons of the hand and foot. 

. The same can be said substantially of the arrange- 
f the muscles and tendons in the leg and foot. There 
arrangement in the foot which is worthy of especial nc- 
rhere is a muscle in the fleshy part of the leg, which by 
tendon, divided in the foot into four tendons, bends the 
nts of the toes. There is also a short thick muscle in 
btom of the foot which joins the tendons of the first 
muscle, and assists it in bending the toes. It is as if 
ferent sets of men were placed in two different positions, 
pes arranged so as to pull in the same direction. The 
Q arises, why the toes are not bent by a single muscle, 
conveniently in the fleshy part of the Idg. The reason 
ly is, that the muscle placed in the sole of the foot is 
there as a filling up in the arch of the foot, and so the 
ecessary to bend the toes is divided between the two 
is. 

There is another contrivance in this muscle that bends the 
liich I will notice here. Its four tendons pass to the last 
Q the toes, and in doing so they go through the tendons 
ookusde that bends the second joints. These latter divide 
r ends where they join the bones for this purpose. A 
arrangement also is made in the fingers for the tendons 
second and third joints. This is represented in Fig. 124^ 

FIG. 134. 




3h « is the tendon which goes to the last bone c through 
ision in/, which goes to Qie second bone b. It is mani- 
it this is the best way of packing the tendons, as we may 
J it. Any other conceivable arrangement would add to 
Ik of the finger. As they are represented in the figure 
re raised up, instead of being closely packed down upon 
ne, as they are in reality. 

. I have already alluded to the fact that many muscles 
n producing most of the movements of the body, and 
as they vary in the degrees of their contraction, the 
^ of motion resulting fi*om both these causes, is exceed- 



216 HUMAN PHYSIOLOGY. 

Complicated action of associated muscles. 

ingly great. I will now call your attention more partictdarly 
to these points, as you can more readily appreciate them after 
the general view which you have taken of the muscular system. 
Even when only a part of the body is put in motion, there are 
often many muscles engaged in the act Take, for example, 
the act of swallowing, which I have described in § ^8 in the 
Chapter on Digestion. In this compound act the muscles of the 
jaw close the mouth, the tongue thrusts the food back into 
the throat, the digastric muscle (§ 306), pulls up the larynx, 
and the epiglottis is at the same time shut down by muscles 
upon the opening into the larynx, to let the food slide over it 
In speaking and singing the action of the muscles is much more 
complicated than in the act of swallowing. The muscles of the 
chest work the bellows of the organ (for such is the relation of 
the chest to the musical instrument, the larjmx,) the muscles of 
the vocal ligaments put them in the state of tension required 
to produce the note intended, the muscles of the epiglottis raise 
it to let the sound out, and the muscles of the throat, palate, 
tongue, and lips, give articulation to the sound as it comes from 
the larynx. And observe, that some of the same parts are en- 
gaged in the act of speaking that are engaged in that of swal- 
lowing, but are put in different positions for the two acts. 
Thus, the epiglottis is raised up when we speak, and is shut 
down when we swallow, and the larynx is raised up when we • 
swallow, and is drawn down again when we speak. And how 
quickly we pass from the one act to the other, as we mingle 
our talking and eating together ! And we do it with such 
facility and precision, that it is a very rare accident that a crumb 
or a drop slips into the larynx. Observe farther, that when we 
take a breath, as well as when we speak, the epiglottis must be 
raised, the air passing in, instead of passing out as in speaking. 
The parts, therefore, are often engaged in these different acts, 
not only distinct from each other, but inconsistent with each 
other also, and they change from one of these acts to another 
so readily, that as we eat, and breathe, and talk, we are con- 
scious of no disturbance, and scarcely ever of any effort in the 
change. No change of action in any machinery of man's in- 
vention can be at a^ compared with this in the precision and 
facil^.ty of the change, much less in its complicated character. 

3 1 8. But if there be complication and variety of action when 
but niie part of the body is put in motion by the muscles, there 
will be vastly more when the muscles of the body as a whole 
are *f?ought into action. If you look at Fig. 122, yoU see th« 
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les generally in more or less action, and the action of each 
as its particular relation to the attitude assumed. If now 
attitude be varied, this particular relation of each muscle 
be varied also. If, for example, the right foot be carried 
rd so as to bring the weight of the body on to that foot, 
.d of the left, on which it now rests, as represented in the 
e, aU the muscles of the frame will have a different rela- 
n their action. And not only this, but while the body is 
^ng from the one attitude to the other, there will be a 
lual change of this relation. At no one moment during 
)t or motion, which changes the attitude, will the state of 
iction in each muscle be precisely the same, that it is at 
ther monMBi. Thus, the state of the muscles in the be- 
ig of the change of attitude is altogether different from 
it is when the movement is half accomplished. ^ And the 
can be said of any other two points in the progress of the 
nent. The same is true of any other general action 
muscles. Thus, if one is pulling with his feet braced, the 
es do not remain in the same relative condition all the 
but as the body which is pulled jrields, the relative tension 
3 muscles is changed every moment. But there is no 
nent which exei^plifies this change of relative condition 
3 muscles % well as that of balancing. K with the views 
. I have presented in your mind, you observe some one 
8 skillful in balancing, you will be impressed with the ever 
•ing but precisely regulated degree of tension in the differ- 
Quscles, and with the variety of combination in their 

). I will iot comment to any extent upon the general 

nents and attitudes of the body. But I • 

liere simply call your attention to one ^®' ^^* 

of action, in which a large number of r— ^ — i 

uscles are called into play, on account of I ■■ .J 

alogy to an expedient often used in me- // 

a. I refer to what is called the toggle- / / 

This I will explain. Let c, a, and c, 6, X/ ^ 

lent two bars connected together, Hke a ^ ^^^ • 

iter's folding rule, by a hinge or joint at \ \ 

appose the two ends, a and 6, to be fitted • \ V 

he two blocks represented in the Figure. . \J , 

1 the block at h is fixed, and the block at I ! 

lovable, and force be applied to the joint 6 

fing it towards rf, the block at a will be TOQOLE-joiira, 
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pressed upward with considerable po'ver. If on the otiiet 
nsnd, the block at b is movable, and that at a is fixed, the block 
at ti will be pressed downward. We see this latter furin of tbe 
contrivance applied in printing presses. In the human body 
thii toggle-joint is used in both ways. When one sloopa lo 
take a heavy weight upon bis back or shoulder, he puts both 
the knee and the hip-joints into the condition that the toggle- 
joint is when it is bent; and then as he straightens np, the 
weight is raised by an action of the joints precisely similar to 
that of the toggle-joint in machinery. In the case of the knee, 
the Btraigbtening of the joint is done by the muscles on the 
front part of the thigh, that dntsv up tbe kneepan with the 
tendon attached to it. This is using the principle of the toggle- 
joint ill pressing upward. It is also sometimes used In pressing 
dowaward. In crushing any thing with the heel, we give great 
force to the blow on the principle of the toggle-joint, by flexing 
the knee and strmgbtening the limb as we bring down the heel 
upon the thing to be crushed. In pushing any thing before us, 
we bend the elbow as preparatory to the act, and then thrust 
the arm out strught, thus exemplifying the toggle-joint. The 
horse gives great force to his kick ia the same way. The great 
power exerted by beasts of draught and burden is to be refen^ 
very much to the principle of the toggle-joint* When a hotae 
is to draw a heavy load, ho bends all his limbs, especially the 
hinder ones, and then as he strjugbtens tJiem, he starts tha 
toad. In this case the ground is the fi)ied block of the me- 
chanism, the body of the horse to which the load is attached is 
the movable one, and his>limba are so many toggle-joiuts. By 
this application of the principle we see draught horses move 
very beavyiloads. "So, (admitting fable to be &ct,") says Dr. 
Griscom, " when the farmer, in answer to bis petition for assist- 
ance, was commanded by Hercules to exert himself to raise his 
wagon from the pit, ho placed his shoulder against the wheel, 
and drawing bis body up into a crouching attitude, whereby all 
his joints were flexed, and making his feet tbe tixed point*, bj 
a powerful muscular etfort, ha straightened the toggle-joints <u 
his limbs, and tbe whuol was raised from its bed of miry clay. 
His horses at the same moment extending their joints, the 
heavily laden wagon was carried beyond the reach of farthei 
detention." 

320. The hand is the most wonderful of all part* of the 
body, in regard to variety and complication of moVuU 
There are over fifty muscles, which are engaged in thv i 
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ons of the upper eirtremity, all of which, of course, have 
) 6r less reference to the hand. Indeed the hand is the 
of the upper extremity to which all its other parts are 
itary, and therefore we may properly consider all these 
iles as in a great measure belonging to the hand. If now 
call to mind the fact, that each one of these muscles can 
the amount of its contraction in all degrees, from the most 
irful action down to the slightest movement, you can 
ily see that fifty muscles with this power of variation can 
uoe an almost endless number of combinations of motion, 
variety would be exceedingly great, even if every muscle, 
lever it acted, had always the same amount of contraction, 
the power of varying the amount of contraction multiplies 
'ariety to an inconceivable extent. 

il. If you watch the movements of the hand with its fingers, 
»u exercise it in a great variety of motions, you can get 
idea of its capabilities in this respect. If, too, you ob- 
its movements in different individuals in all kinds of labor 
handiwork, you will bo still more impressed with the ex- 
3 variety of its movements. It is capable of performing the 
est and rudest work, and at the same time the most deli- 
How wide the difference between wielding the ax or the 
e-hammer, and moving the engraver's tool in some of the 
. productions of his art I How firm is its grasp of the 
ner, and yet how gentle is its pressure upon the graver, as it 
s it in almost invisible lines 1 The shape of the hand, with 
igers of unequal length, and its thumb opposite to them, 
)ie of touching the tip of each of the fingers, or all of them 
her,' enables it to accommodate itself to a vast variety of 
s and sizes of objects ; and its delicate papillae, filled with 
s, and arranfi^ed in rows, as you can see, on the tips of the 
? under the skin, endow thk wonderful instrument with a 
)ility which guides its muscular movements. When, 
fore, we consider the almost endless variety of its motions, 
Lelicacy and accuracy of its sense of touch, and besid(» 
, the force and grace with which it acts in the expression 
>ught and feehng, we hardly wonder that some have fixed 
the hand as man's distinguishing characteristic, and we 
npressed with the thought, that it is a fitting instrument 
rk and expression for that mind, which is the image of 
In man. 

2. Having thus taken a survey of the muscular system, let 
>k for a moment at the whole machinery, as it works when 



it i<i engaged at tbe aatne time in some general taoveiaent, and 
ill Dome special movements of some departments of it.* Look, 
for example, at some one who is buaied in corit'er^atioii wbilelie 
is walking, and ia perhaps at the same time twirling nomelbing 
in different directions in his fingers. Here yon have a general 
action of the muscles as described in % 318, BDd with it a pa^ 
licular action of two sets of nmscles in two different parts of Iha 
body ; and jet bo well do the nerves regulate these rarioiu 
movemenlB, that there ia no disturbance or confusion ia the 
complicated machinery. While tlie muscles of the arm and 
fingers are at work eiocuting their diversified motions, the little 
muscles of the larynx are ever varving the notes of tbe voice, 
and the muscles of articulation are putting that voice into every 
variety of shape. And while these movements are going on in 
these particular parts of the system, the mHcbinery as a whole 
is executing one of its grand general moveuDents. And beudei 
all this, tbe muscles of respiration are at work all the while, in- 
troducing air into the lungs to change the blood, and forcing it 
out through the trachea to make the vocal ligaments vihrst«; 
and that compound muscle the heart is pumping at tbe rate of 
seventy times a minute sending the blood through its mhea 
every where ; and if there be any food in the stomach, the mus- 
cular fibres of that organ are at work churning the ft«>d to 
make more blood. How complicated is the machinery that per- 
forms all these operations, and yet with what precision every mus- 
cle, n«y, every individual fibre works in obedit'iiee to tbe nerves 1 
323. The question arises, how in al! the divenfifiud action of 
the muscles their nice adjustment is effected. How do the 
muscles htoa, as we may express it, just how much to do in 
each movement? When, for example, yon reach your hand 
np to touch some object, how does each muscle know just what 
depee of contraction is necessary to make the hand go with 
precision to the particular point arrived at ? And so when one 
» playing on an instrument with the fihgers, aa the yhiu .. vary- 
ing their pressure continually in accordance with the i! ■' ' " 
iiess of the sound, how does each muscle know just \^ ' 
of contraction is required of it in each movement ? '! 
•enses of vision and (ouch affordsome awistancein iL' ■ I'i 

of muscular acljon in such cases, something' else is i 
oecessary. Sir Charles Bell, therefore, attpposcs that ^4 
what he calls a muKular seme, which acts as a gnide I 
muscles, in conneotjon with the senses of sight and toucT 
■ome cases it is the sole guide. On this subject, Sir C 
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, " When a blind man, or a man with his eyes shut, standi 
ght, neither leaning upon or touching aught ; by what 
ns is it that he maintains the erect position ? The sym- 
ry of his body is not the cause ; the statue of the finest pro- 
ion must be soldered to its pedestal, or the wind will cast it 
n. How is it, then, that a man sustains the perpendicuhtr 
ure, or inclines in due degree towards the winds that blow 
a him ? It is obvious that he has a sense by which he 
^s the inclination of his body, and that he has a ready ap 
le to adjust it, and ti^ correct any deviation from the per- 
iicular. What sense then is this ? for he touches nothmg, 
sees nothing ; there is no organ of sense hitherto observed 
ch can serve him, or in any degree aid him. Is it not that 
« which is exhibited so early in the infant, in the fear of 
ng ? Is it not the full development of that property which 
early shown in the struggle of the infant while it yet lay in 
nurse's arms ? It can only be by the adjustment of muscles 
; the limbs are stiffened, the body firmly balanced, and kept 
jt. There is no other source of knowledge, but a sense of 
degree of exertion in his muscular frame, by which a man 
know the position of his body and limbs, while he has no 
it of vision to direct his efforts, or the contact of any exter- 
body. In truth, we stand by so fine an exercise of this 
^er, and the muscles are, from habit, directed with so much 
3ision, and with an effort so slight, that we do not know 
T we stand. But if we attempt to walk on a narrow ledge, 
tand in a situation where we are in danger of falling, or rest 
me foot, we become then subject to apprehension ; the actions 
ihe muscles are, as it were, magnified and demonstrative of 
degree in which they are excited." 

24. It is obvious then that this muscular sense informs the 
id of the changing postures of the body, and guides the 
scles in effecting these postures. And it has a particular set 
lervous fibres devoted to it, separate from those fibres which 
ite the muscles to action, though they are ordinarily in- 
ied in the same sheath. This sense, it may also be remarked, 
I source of pleasure, as well as the other senses. The mo- 
is of the body are attended with a sense of enjoyment, which 
itens labor, and adds zest to our active sports. The enjoy- 
Qt of the muscular sense we see constantly exemplified in the 
nbols of animals. It may be still further remarked, that this 
se is capable of being educated like the other senses. But 
;hi8 1 shall speak in another place. 
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325 Ab ihs nei'vee of sensation are the inlets of all know- 
ledge to the mind, the nerves of motion are the outlet* hj 
which all knowledge is communicated. Thought and feeliDg 
are expressed od!^ br muscular motion. It is true that there 
are some accompaoyiug and subordinate modes of exiireBaion, 
as the flowing of tears, the action of the capillaries producing 
blushing, and tbe paleness occasioned b; fear- But tbesa 
could not of themselves alona coramunicat* thought and feel- 
ing, and can do so only by being associated with other signs. 
They only add force to the expression already produced by 
rnuscular action. Indeed they are signs which can not he un- 
derstood, unless muscular action interpret them. Thus if teats 
flow, we know not whether they are tears of joy or sorrow, ex- 
cept as the expression of the countenance informs us ; and ex- 
pression, as I shall show you in this chapter, is wholly tha 
result of the action of muscles. So too, the muecles of the face 
tell us, whether the blush that mantles there is the blush of 
shame, or of modesty. And when we see paleness caused by 
fear, we know that this is the cause, only from the expression 
of the countenance and the attitude of the body, which* 
very properly be called the expression of the body, though 
much less marked than the expression of the countenance. 

328, It is by the voice chiefly that thought and fealinfl^ 
communicated. And every variation of note, or of articulation^ 
is caused, as I shall show you in the next chapter, by the action 
of muscles. When the muaclM of the hand communicate to 
others thought and feeling by writing, they merely translate 
the langu^e of the muscles of the vocal organs into conven- 
tioual signs. Leaving the language of these vocal muscles for 
another chapter, I shall in this notice the language of the otlier 
muscles of the body and especially of those of the fuco. 

327. As we watch au animated speaker, we see tli.'it it is not 
the face alone, that adds force to his utterances by its corres- 
ponding expressions. Various parts of the body in a met 
So the same thing. The head Isnodded or shaken, the slioi 
is shrugged, the foot is stamped, and abjve all, the hand 
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cutes a great variety of motions, in correspondence with th« 
thoughts and feelings which the mouth utters. Sometimes too, 
the whole frame is brought into action. The gestures and the 
attitudes, which are but gestures of the whole body, are im- 
portant aids to the orator in conveying his thoughts and feelings 
into the minds of his auditors. 

328. This language of the muscles is used to a greater ex- 
tent than we are conscious of in our ordinary intercourse. Wo 
are not aware how much we communicate in this way. This 
language is by no means confined to those palpable acts which 
this subject suggests at once to the mind, — the broad laugh 
of merriment; the sighing, and sobbing, and weeping of grief ; 
the stamping of the foot in anger ; the pointing of the finger in 
calling attention to any particular subject ; the gesture used in 
beckoning one to come to you, c&c. But it includes numerous 
little and scarcely observed motions, which in great variety 
add to the significance of the words which we utter. And in 
the case of the countenance, far more is communicated in the 
aggregate by the constant gentle play of the muscles, than by 
the broader and more palpable expressions, which are occasion- 
ally produced by their stronger action. The deaf mute can 
gather from the language of the muscles, as it accompanies the 
voice that he can not hear, much more information as to the 
passing conversation than one would suppose that he could. 
And the full capabilities of this language we can only learn, by 
observing to what wonderful extent the deaf and dumb can 
communicate with each other by the use of natural signs, with- 
out any aid from those which are artificial.* 

329. While in man the muscles of the face are the chief 
agents of expression, in other animals the very limited expres- 
sion of which they are capable, is chiefly effected by other parts 
of the body. For example, the dog wags his tail, the cat puts 
up her back, the game-cock spreads out his ruff of feathers on 
his head, c&c. Rage is almost the only passion which can be 
expressed by animals in the countenance. They can snarl, but 

* I was much struck with an illustration of the great range of the language of natural 
signs, in an exhibition made many years ago by the lamented Gallaudet iMfore the legisla- 
tore of Massachusetts. Previous to exhibiting the attainments of his pupils, he requested, 
that if any deaf and dumb person who had not been educated in an asylum were present, 
his friends would bring him forward, that he might show how much could be comrouni- 
eated by natural signs. A man came forward, and Mr. Gallaudet learned from him by 
natural signs alone such facts as these, — the place of his residence, the fact that his parents 
were living, the number of his brothers and of his sisters, the fact that he had seen Mr. 
6. before in a certain place, tee. Anj one, it may be remarked in this connection, who 
has been engaged^ in teaching the deal and dumb, and who has, therefore, become skilled 
in the use of sign-language, can converse quite readily by signs with foreignen fiom anv 
part of the wol 
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tltey can not laugh or cry. Hence it has been said, that man 
can be very properly dlBtinguished frDm other aiiimala bj 
onlling liim " a laughing and (trying animal.'' 

330. Though the vanety of expreaaion in the human coud- 
.Umance is very great, it is ordinarily produced by the action 
of very few muiiclea. The principal muscteB are these — tlie 
muscle that wrinkles the eyebrow, causing frowning ; the 
muscles which draw down die comers of the mouth ; aai 
those which draw them up. When a smile occurs, it is pro- 
duced by the muscles which raise the corners of the mouth. 
When sadness is expressed, it is done by the muscles by which 
the corners of the mouth are drawn down. Hence the origin 
of the common expression, " down in the mouth." In laughter, 
the muscles which raise the comers of the mouth act strongly, 
wrinkling the cheek, aimply because the romer of the mouth i« 
carried up so far as to push up the cheek before it. One other 
muBole is brought into some action — the circular muscle which 
doses the eyelids — for the eyelids are brought nearer together 
in laughter, though in mere smiling they are not. la Fi^ 
126, representing broad laughter, you see the two o"* "^ 
*poken of above, the wrinkling of the upper part of ika a 
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HviqW ui«d in the «iprebiiA of grief. 

the partial closure of the eyelids. In weeping, th« 
les that draw down the corners of the mouth, which in 
lere expression of sadness act slightly, now act strongly, 
■.B same time the frowning muscle wrinkles the eyebrow, 
■dinary weeping it does so but slightly, but in weeping 
pain this muscle is strongly contracted. I^o it is al8<> 
there ia crossness mingled with the griet Fig. 12T. 




ih is the face of a faun weeping from pain, illtrtCraM* mese 
Is, Sir Charles Bell, from whose wot'k on the Aflatomy 
tprassion most of the figures in this i^^ter ^g,'iaken, 
tnat he represents the expression of woepiig-Kthe face 
faun, because it is mean and ludicrous as seen in the 
itenanceofman. 
11. It is very commonly supposed that the eye has much 
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to do with the expression of the touatenance, and hence sucll 
phraac' as these are in nnivei'sa! use — a speaking eye ; a wild 
eye; tliewitchery oftheeye; the eye flaahed, Ac Buttbeeya 
01 itself has no active ^ency in ejtpreBsion. The mnsciwi 
which move it have, but not fo any great extent ordinarily 
Of thetn I shall speak in anotlier part of this chapter. Tha 
apparent expression which the eye has is merely apparent, and 
Dot real. It results alti^ther from the position of the parts 
about the eye. This can be proved to you by any portrait 
painter. It is related of an artist that, when a royal visito 
was admiring a sketch of the &tce of a weeping child, he s^ 
to him, " has your majesty a mind to see how easy it is to 
make this very child laugh ?" As the Mug said that he should 
like to see it, the artist rubbed out a little at the corners of the 
mouth and on the eyebrows, and added a few strokes to represenl 
the comers of the mouth aa raised, and the eyebrows as witli 
out wrinkles, and the faix, which was the moment before the 
very picture of grie^ now exhibited a merry laugh. A^rward 
he as readily restored the original espriission. Now in lhi« 
case there were the same eyes in the two expressions. The al- 
terations were made only in the neighboring parts, and the 
same eyes were apparently weeping eyes at one time and 
laughing ones at another. 

332. lu ,Fig. 128 and 129 you can see how much the 
mouth alone affects the expression of the whole couut^-nauco. 
The apparent expression of the eye is wholly altered by th« 




;e about the mouth. If we could add at the same tima 
Dge at the eytibrows, the expression of the eye would ha 
more affect«i. 

1. The language which ia ordinarily used, in relation to 

gency of the eye in the expresaion of the countenance, 

as that the eye itself, apart from any motion, changes in 

hanging expression. How this is done is not inquired ; 

hero seems to be an ill defined notion that the animal 

B, as it is expressed, flow into the eye more or less freely 

the changing feelings, or that a nervous induetice is 

ed in some way upon the eye, altering its uppeurunce. 

e Dotions are so umversal, and are so inwrought into our 

lage, and especially the language of poetry, that scientiiie 

even are apt to use the expressions to whic^h tbey give rise, 

.eir descriptions of the language of the passions. Even Sir 

ell, in his celebrated book on the Anatomy of Expression, 

escribing the expression of the emotion of joy, uses the 

so, the eye is lively and sparkling. Let me not be under- 

i to mean, that I would have the expressions, in such uni- 

b1 use in common language and in poetry, pven up. I 

Id as soon claim that the expression, the sun rises, should 

abandoned in common language. But as the astronomer 

Id have it understood, that the apparent faut, that the sun 

1, is only apparent, not real, so as a phydologist, 1 would 

a it uuderstood, that the apparent active agency of the eye 

ha egression of the countenance is not real. And as it 

lid be otigectionable to speak of the sun as rising, in a book 

astronomy, so in a professional book on the Anatomy of 

treason it is objectionable, in a description of the physical 

3a of an emotion, to use the common phrases in regard to 

agency of the eye in expression. 

J34. Having thus noticed the principal muscular motions 
;t are concerned in the expression of the countenance, I pro- 
ie now to go more extensively Into the subject, and show 
II how other muscles, besides those to which I have alluded, 
', in producing certain expressions. I shall also show how 
3 expressions are varied by combinations of muscular action, 
' it is as true of the muscles of expression in the face, as it 
of the muscles generally, as stated in § 309, that almost every 
Jvement is produced, not by the action of one muscle alone, 
t by the action of several, sometimes many musclea. Tha 
rious expressions of the countenance are all of them com 
und results, some of them more so thnn others. 



HUMAN PHYSIOLOGY-. 



335. I will first call your attention to the particular ir 
of expression in the face, auil iDdiuate (Jieir mode of action. 
They are represented in Fig, 130. There ia a thin flat muwlt 
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covering the whole top of the head, represented at 1, 2, andfl 
3 being its thin tendioous part. It is fastened to the If^ 
bones behind, and in front its fibres end in the skin of the 6) 
head and the eyebrowa, and in the circular muscle of the i 
lida, 4. When it contracts, therefore, it raiaea the sKn of fl. , 
forehead and the eyebrows ; and if it contract strongly, ii ■ 
wrinldes the forehead. The circular muscle of the eyehus, 4, 
when it contracts closes the eye. This and tihe large frontsl 
muscle just described, you can see, must hare much to do w" 
the expression of the countenance. Then) h a vei^ import! 
though small muscle which is not seen on this figure, t 
B^u it on Fig. 113, at a. It is attached to the bone at the^ 
of tlie top of the nose, and is inserted into Uie skin of the ^ 
brow. It is called the corrugalor aupercilii, or wrinkler o 
eyebrow. From the agency which this muscle Las in 
presaioii of certain passions and emotions, comes the v 

I, supercilious. Though a little mifide, H 
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El supercilious one. It has, as you will see as we go on, 

je play in many varieties of expression, produced by 

nations of action in the muscles of the face. There are 

luscles on the nose, 6 and 6, which compress the nose, 

rinkle its skin. They have some agency in certain ex- 

yns of the countenance. At 7 is the circular muscle of 

outh. When this contracts it closes the lips, and if it 

rongly it pushes them out This is the muscle with which 

t pouting is done. At 8 is a muscle which is fastened 

to the bone of the nose, and runs down, its fibres ending 

wing of the nose, and in the upper lip. When it con- 

, thwefore, it moves the wing of the nose outward, and 

up the lip. You see this muscle in action in some 

ons, the nostrils appearing spread out. At 9 is a muscle 

I raises the lip, and at 10 and 11 are two muscles, that 

the comer of the mouthy carrying it a little to one side. 

I is the muscle which acts in opposition to the two last. 

Is the corner of the mouth down. At 12 is the muscle 

I pulls down the lower lip. At 18 is the muscle in the 

yf the mouth, which draws the corner of the mouth 

rard, and also serves to press the cheek inward, and thus 

nt the food fi*om getting outside of the teeth when we are . 

mg it This muscle also, by its compressing power, forces 

ae air from the mouth when the cheeks are distended, as 

)wing a horn or a trumpet. Hence it is called buccinator, 

Imccinare, to blow a trumpet. At 16 is a large muscle 

1 closes the lower jaw against the upper, and although its 

use is to masticate the food, it has some agency in 

xpression of the countenance, in fixing the teeth firmly 

her, as in the expression of rage. There are three muscles 

a move the ear; 19, moving it upward; 17, forward; 

21, backward. These have but little power in man, but 

•me animals they move the ear considerably, and are 

linent agents of expression. 

6. In Fig. 131 the muscles about the mouth, which have 
uch to do with the expression of the countenance, are very 
ictly shown. At a is the muscle which draws up the wing 
e nose and the lip ; b raises the lip ; c raises the corner of 
nouth ; d and e raise the corner of the mouth, an J at the 
} time carry it outward ; n draws it outward ; m draws it 
iward and outward in which it is assisted by a broad thin 
jle, 0, which situated just under the skin comes up from 
iL'ck ; I draws the lower lip downward ; and i is the cir- 

20 
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cular muscle which closes the lips, and thrusts thi 

pouting. At A is a short muscle which is fast.?ned to the soclcel* 
of the teeth, and has its fibres ending in tho skin of the chin. It 
therefore draws the chin up when it coutracte. It has so tnnoli 
agency in the expression of scorn and contempt that it has been 
called the tuperbua. It is by the action of thia muscle, together 
with the circular muscle t, that the expression termed pouting 
b produced. The muscles which I have thus described are aH 
in pair» ; and in every pair both muscles contract always 
exactly ^ike, unless affected by disease. We laugh and frown 
and weep on both sides alike. All of these muscles of ex- 
pression in the face are governed in their action by tlw 
branches of one nerve, the respiratory nerve of Iha fiwe. 
When this nerve, therefore, is paralyzed on one side, and not 
i>n the other, as is no uncommon occurrence, these muscles on 
the paralyzed aide are motionless, and the individual can laogh 
and frown and weep on only one side of the face. In Fig. 83 
you have illustrated the result of tliis partial paralysis, Ihe 
lace being perfectly quiescent on the left side. The coutrait 
would have been still greater if the face had been 
Heuted as in more decided action, as laughing, for examp'i' 
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Action of particular muscles in passions and emotions. 

. Having thus described the muscles of the face which 
e agents of expression, I will now show their action in the 
.sion of different passions and emotions. And I remark, 
ou will see, as I proceed, that so far from there being any 
luscle devoted to the expression of one emotion or passion, 
jsion is commonly the result of the combined action of 
muscles. And you will also see that, by virtue of this 
nation, the same muscle often takes a part in the ex- 
on of various emotions. 

5. When the frontal muscle (1, 2, 3, Fig. 130) contracts 

es the eyebrows. This motion expresses either doubt or 

se, and the observer determines which it is, by the ex- 

on of' other parts of the countenance accompanying it, or 

tier words, by the action of other muscles in the face. 

1 this muscle contracts very strongly, it draws up the eye- 

h so much, as to push up the skin of the forehead, and 

:le it. This, as you will soon see, is one of the many mo- 

of the face which make up the expression of great bodily 

In joy this muscle actjB moderately, raising the eyebrow, 

fore, but a Httle. This muscle often acts in connection 

the corrugator supercilii, the wrinkler of the eyebrow. 

may be seen in Fig. 132, respresenting a testy, peevish, 

js melancholy. Here the corrugator and the frontal 

lies are both in strong action. You see also in this face 

in muscles about the mouth acting forcibly. The muscle 

h draws the comer of the mouth down is in action while 

superbus (A, Fig. 131,) is drawing up the chin which 

es up the lip before it. At the same time the muscle 

h draws up the wing of the nose and the lip, (a. Fig. 131,) 

racts to some extent, producing an arching of the mouth, 

a peculiar shape of the wings of the nose. The upper lip 

rched by the action of this muscle in such a way, as to fit 

arching upward of the lower lip, produced by the superbus 

the muscle which draws down the comer of the mouth. 

39. In the expression just described, and illustrated by the 

re, you see that the muscle which draws down the corner 

he mouth has a considerable agency. Now, this muscle is 

chief agent in the expression of sorrow, as you saw in the 

part of this chapter. The difference in the two cases lies 

he combination of action of the muscles. Thus, in sorrow 

muscle which draws down the comer of the mouth, does 

have the superbus to act with it, as in the case of the 

uon, or rather compound feeling, represented r Fig. 1J32. 
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fcto also, in some fonus of grief the eorruffator mpereilit acta 
quite stroDglf, as seen in Fig. 127, where the grief is repro- 
sented as caused by bodily pain. It performs a djfferent offios 
in this case from what it does in the ease of the expression re- 
presented by Fig. 132, simply through the accompanyiog aolioa 
of other muscles, thus illustrating the effect of combination in 
muscular action in varying the character of the expression. I 
have already alluded to the different dpgreea of action in thii 
muacle in different forms of grief in g 330. In quiet sorrow 
this muscle is not in action, but there is a general languor re- 
laxing the muaclee of the face, while tiie comers of the montb 
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;litly depressed. It is a state of the muscles directly op- 
jo that which exists when there is a calm quiet pleasure 
nost of the muscles are in a 'state of gentle action, aud 
ners of the mouth are a little raised, giving the radiance 
light smile to the whole countenance. The frontal 
, sliffhtly raising the eyebrows, adds to the effect. 

Tft attitude, for bo we may call it, of the countenance 
iration, is quite nearly allied to that which I have just 
•ed. The brow is expanded by the action of the frontal 
, and there is a slight smile produced by the raising of 
•ners of the mouth. But the expression differs in some 
a from that of mere pleasure. The frontal muscle act» 
more strongly in the former than in the latter, the eye 
d wide open, and is fixed upon the object of the admira- 
Qd the mouth is apt to be open, the jaw falling a little, 
i we can see the edge of the lower teeth and the tip of the 
>. In both pleasure and admiration the expression varies 
in different individuals, according to their temperaments, 
characterized by activity in some, and in others more by 
:ion or even languor. 

. Let me now call your attention to an expression of the 

snance, in which many of the muscles are in a state of 

action. I refer to the expression of rage represented in 

33. The combination of muscular action here is quite 

ive. The corrugator supercilii acts forcibly, but un- 

ly, as is the case with the action of all the muscles in the 

sion of this passion. The frontal muscle acts at the same 

raising the eyebrows. The eyes are opened widely, 

Qg the rolling eyeballs. The muscle that raises the upper 

Fig. 131, and the muscle that raises the wing of the 

ind the lip, are in strong action. The nostrils are there- 

pread out to the utmost, and the upper lip is drawn up- 

But as the circular muscle of the mouth also acts 

:ly, there is only that part of the upper lip to which 

iusdes, a and b, Fig. 131, are attached, that can be drawn 

This point is just where the sharp eye-teeth, or canine 

as they are sometimes called, are situated, lliey are 

ore seen laid bare. This allies man to the snarling 

, that shows his sharp teeth in his rage. Cooke, the tra- 

n, is said to have had great power in the use of these 

les. . " In him," says Sir Charles Bell, " the ringentes (the 

ng musdes) prevailed ; and what determined hate could 

tpress, when, combined with the oblique cast of his eyes, 

20* 




at 

ire rigiJ^ 



he ilrew up tbe outer part of the upper lip, and disdoa 
sharp angular tooth I" In rage the teeth are firn ' 
the muscles which move the lower jaw, and when uttcrai 
given to it hy the voice, these muscles but sliglitty relax ti 
the words out through the almost closed teeth, and are rigiS^ 
again aa soon as the words are finished. 

342. The expression of mere bodily fear, represented in Fig. 
134, Is very ditTereDt from that of rage, although some of ths 
muBcles act in the same way in both. The frontal mu.'cle acta 
very forcibly, raising the eyebrows to their utmost extent, and 
the eyeballs are largely uncovered, giving to the eyes a broad 
Btare. The corragator aupercitii is perfuctly relaxed, while ID 
rage it is strongly contracted, The lip is raised and the not- 
trils are spread out by the same muscles, a and b, I^g. 131, 
which act so forcibly in r^e. But the circular muscle of the 
luouth, 1, is relaxed, so that the whole lip is rmsed. instead of 
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m. part of it, w is the case when rage is expressed. The lower 
jsn is Allien, while in r^e it is io the oppoeile condidon. The 
nair ia ruaed up by a general action of the whole frontal 
muscle, 1,2, 3, in Rg. 130. 

S43. The musclos of the eye, that is, those which move the 
eyeball have some agency in certain enpresaions of the counte- 
nance. Thus, in admiration, the fixing of the eye upon the ad- 
mired object makes a part of the expression. In the expression 
of devotion the eye turns instJnctively upward. There are cer- 
tain involuntary motions of the eyeball, which have much to 
do with expression in cert^n states of the body, and in certain 
emotions. These motions are performed by the oblique mus- 
. cles (S 307.) When the straight niuscles which ordinarily con- 
trol the motions of the eye lose their power from a stat« of 
geueral insenubility, the eye is given over to the action of 
these obliqna musdea, which are involuntary, and therefore i> 
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rolled about in its socket, being turned upward all the time, w 
that the white of the eye only is seen. This occurs in sleep, in 
fainting, in the stupor of disease, and in the approacK of death. 

344. The loss of power in the voluntary muscles of the eyeball 
and eyelid is often seen ludicrously exhibited in the intoxicatetl 
man. He squints and sees double from deficiency of action in 
the straight muscles of the eyeball. The oblique involuntary 
muscles of course roll the eye in proportion to the deficiency of 
these straight muscles. The voluntary muscle too, which holds 
up the upper lid, fails to do its duty, and the lid is constantly 
disposed to fall over the eye. The frontal muscle is therefore 
called upon to aid it. Hence, in the effort of the drunkard to 
keep his eyes open, you see him raise up the eyebrows, the 
eyelids being of course dragged up after them to a little extent 
" It is," says Sir Charles Bell, " the struggle of the drunkard to 
resist, with his half-conscious efforts, the rapid turning up of the 
eye, and to preserve it under the control of the voluntary 
muscles, that makes him see objects distorted, and strive, by 
arching his eyebrows, to keep the upper hd from descending. 
The puzzled appearance which this gives rise to, along with the 
relaxation of the lower part of the face, and the slight paralytic 
obliquity of the mouth, complete the degrading expression." 

345. I have thus pointed out the agency of the several mus- 
cles that are engaged in the expression of the countenance. 
Most of them are peculiar to man, being found in no other 
animal. The inferior animals are variously endowed in regard 
to muscles of expression. But even those that have the most 
expression, have but few of those muscles which we find in the 
face of man devoted to this purpose. They have the muscles 
that move the eyes, those which raise the upper lip and thus 
expose the teeth, and to some extent those which distend the 
nostrils. The horse is especially endowed in regard to this 
latter motion. In that glowing and beautiful description of the 
horse in Job it is said, *'the glory of his nostrils is terrible." 
But most animals, even of the higher orders, have but a limited 
motion of the nostrils compared with man. In him they have 
much more to do with the expression of the countenance than 
is commonly supposed. Their chief agency is in the expression 
of the nobler passions, and Sir Charles Bell remarks, that the 
great tragedians, Mrs. Siddons and Mr. John Eemble, exhibited 
their power in this respect in a remarkable manner. 

346. None of the inferior animals have the corrugator super- 
cilii. Indeed they have no eyebrows to move. Tlie eyebfow 



THE LANGUAGE OF THE MUSCLES. 287 



Moicles of expressioQ in animals. 



poBg peculiarity of man, and in view of its: agency in th* 

sion of the countenance, varied as it is by the frontal mus- 

i the corrugator, it has been said by some one, that it is 

ainbow of peace, or the bended bow of discord." So also, 

ascles that raise and depress the corners of the mouth 

loUy peculiar to man. It is sometimes said that the dog 

. But if you observe him closely, you will see that as h« 

tes his lips or opens his mouth, at the same time that he 

tiis tail, there is no raising of the corners of the mouth, 

lerefore no true smiling. The idea that he smiles has 

from mere association with other motions by which he indi- 

)leasure. The same can be said of the expression of sorrow 

dog and other animals. There is little of it in the face 

amounting to nothing more than a mere downcast look, 

n that ; and we connect the idea of sorrow with the face, 

3 force of association, from hearing the cries and witness • 

ie movements which distress produces. The grand peculi- 

of human expression are in the muscles whose action 1 

loticed in this paragraph, viz., the muscle that wrinkles tho 

ow, the muscle that raises it, and those muscles which 

the corners of the mouth up and down. No animal but 

3an frown, or weep, or laugh, for it has not the muscles by 

1 these acts are done. 

7. Fear and rage are ahnost the only passions that are 

ssed in the faces of animals. And in some of them there 

fecial provisions in muscuhir endowment, for the expression 

ese mere brutal passions, particularly for rage. Thus, in 

a of prey the ringentes, or snarling muscles have great 

r. They raise the lip strongly, and display the sharp long 

which are to rend their prey in pieces. The eye too is 

> terrible bv certain muscles which are not found in man. 

are muscles which draw tlie eyelids backward upon the 

linent eyeball, thus producing a fixed staring of the eye, 

exposing its brilliant white coat, which by reflecting the 

gives the eye a sparkling a|>|)earance. These muscles Sir 

ies Bell calls scintillantes, from the apparent scintillating 

; which they produce. In the cat tribe light is reflected 

the bottom of the eye, when the pupil is dilated so as to 

it the light over a large portion oi" iln- retina. This occurs 

Q obscure light simply because the pupil is then so much 

ed. The light is not created in the eye, and it is no indi- 

•n of passion, as has been supposed. 

18. You have seen the fact most fully illustrated in this 
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chapter, that it ia from corabinaCiona of action among the a 
dies, that the various expreasiona of the countenanca tet 
To produce each one of these comhi nations, there must be a 
consent of action between the iiiuscles. Some are relaxisd, ntUt 
others are contracted ; and those which are contracted are ie 
different degrees of contraction. Sometimes this harmon; ot 
action ia sportively destroyed by one who has greHt coannaud 
over the muscles of the face, and the most incongruous expies- 
sions result, mingled together in the same countenance, giring 
it a very ludicrous appearance. And I may remark, that tlu 
portrait painter is not always true to nature, but sometimes Ws 
to depict the full hariuony of muscular action in tbe expresaioa 
of the countenance. I have noticed some of the combtDationa 
of muscular action io expressiou ; but the view which you tbiu 
get of them gives you but a f^nt idea of the infinite variety 
of expreseion of which the human countenance is capable, as the 
result of these combinations. In order to obtain some adequate 
idea of this variety, keeping the views presented in this chapta? 
in your mind, watch some one engnged in speaking oi 
eation, in whom the play of the muscles of exprf 
arly free. By so domg you will acquire new vie 
bilities of the countenance in communicating thought and fi 
and you will learn a lesson in this respect which the deafflj 
from necessity 1 earns every day. 

349. But we do not get a full view of the combination of 
muscular action in expression, if we confine our observations to 
the countenance. As I remarked in tbe first part of thb chap- 
ter, the rauBcles of other parts of the body, and sometimes of 
the whole frame, are brought into action in connection with the 
muscles of the face, in expressing thought and feeling. ITlft 
altitudes and motions of other parts of the body correagc 
with the attitudes and motions of the countenance, so M 
produce an harmonious effect The hand is more nied ^ 
any other part in aid of the countenance in expression; 
whole body is often 4n>ught more or less into action. 
character of a passion can sometimes be inferred from the 9 
tude merely, or from the mode of walking, as you see one ata 
distance. 
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A fealing in encli ibnUtep, hd disclooed, 
67 Ballust io his Oalalliie, who, chiwod 
By sll the demoog of all paBBiana, Hbon«d 
Their work even by tbe way in which he ti 
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.etion of the respiratory muscles and the circulation in ezpranion. 

But it is the muscles of the respiratory organs which 
ize most with the muscles of the face in expression, 
ipathy is the result of a nervous connection, and the 
' expression in the face is therefore, as before stated, 
es called the respiratory nerve of the face. Observe the 
at agency which the muscles of the chest have in the 
expression of the passions and feelings. In laughing 
ndual draws in a mil breath, and then lets it out in 
berrupted jets, the muscles of the throat, neck and chest, 
y the diaphragm, being convulsively agitated. And if 
;hter be strong and continued, he holds his sides, which 
really sore, from the violent action of the respiratory 
in this expression of his emotions. In weeping too, 
me muscles are aJOfected. The diaphragm acts spasmod- 
he breathing is cut short by sobbing, the inspiration is 
md the expiration is slow, and often with a melancholy 
But it is not alone in these marked cases that the respi- 
lusdes are, seen to act, but you can observe their action 
y of the slighter expressions of feeling. 
There are certain effects produced by emotions upon 
culation, which heighten the expression resulting from 
ar action. I have already referred to the blush of mod- 
id the paleness of fear. In both laughter and weeping 
ismodic action of the muscles of respiration impedes the 
' blood through the lungs ; and hence the countenance 
» flushed or suffused with the blood of the impeded cir- 
n. This is very different from common blushing, which 
thing to do with the state of the general circulation, but 
rely a local effect, confined to the capillaries of the part, 
it occurs. These capillaries are affected by the emotion 
;h nervous connections, just as the minute secreting vessels 
tear glands are excited to unusual action. 
I. From the views which I have presented of the capabil- 
f the human countenance in expression, you must be as 
struck with its adaptation to the mind that moves it, as 
rere with the hand in this respect. Both are instruments 
) mind, by which it accomplishes its purposes; and they 
L be out of place in any other animal, even one of a higher 
, because he has not a mind capable of using such instru- 
\ to advantage. Man needs the face, with all its endow* 
I, to express his thoughts and feelings, and the hand to do 
andiwork which his mind designs ; and the Creator has 
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Training of the muscles of expression. Beauty depends much on tbeir aetkm. 

proportioned the capabilities of these instruments to the neoea* 
ties and the mental powers of man. 

353. As the muscles of the face perform such high functions, 
as the instruments of the mind in expression, it is important 
that they should be well trained in these functions. Much is 
often said about the importance of grace in the attitudes and 
movements of the body, while seldom is a thought given to the 
attitudes and movements of the countenance. Muscles are A 
work in the one case as well as in the other, and the musdoB 
of the face can be trained to work skillfully and gracefully as 
well as the muscles of any other part of the body. Indeed, 
grace of action is much more important in the face than in th« 
body generally, because the muscles there are used so much 
more for expression than in any other part. And yet the 
speaker, who aims to gesture gracefully with his arms, is often 
very careless in regard to the gestures, for so we may call them, 
which are made by his face. So too the parent, who takes 
unwearied pains to make the gait and attitudes of her child grace- 
ful, often allows most uncouth attitudes of countenance to grow 
into a habit. Many a child that has been drilled most feithniUy, 
in order to overcome awkwardness of movement, is suffered to 
become incurably awkward in the face, as some one has aptly 
expressed it. Sometimes even a habit of making grimaces u 
unconsciously contracted, which utterly prevents the countenance 
from accompanying the words that are uttered with any thing 
like appropriate expression. 

354. Beauty depends much upon the attitudes and move- 
ments of the face, and not alone upon the shape of the features. 
We often see a face which is beautiful in repose, that becomes 
ugly the moment that it is in action, because the movements of 
the muscles are so ungainly. And, on the other hand, we often 
see faces which are quite at fault in the shape of the features, 
display great beauty when in action, from the movements which 
play so easily and gracefully among the muscles. It is a great 
triumph of the spiritual over the physical, when the mind within 
thus puts its impress of beauty upon a material form which is 
destitute of symmetry. When it does this, there is more to 
challenge our admiration, than when the sculptor chisels the 
marble into beauty. And if he were to undertake, in imitation 
of what we often see in living nature, to put beauty into ill- 
shapeij features, he would signally fail. This can be done otily 
hy the active mind within, moving plastic features by tlje subtle 
agency of nerves and muscles. In relation to the inadequacy 
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Skill in the uie of the muscles of expression. 

) symmetry of form to meet our ideas of beauty in the 

countenance, Addison has justly said, '^ No woman can 

Isome by the force of features alone, any more than sh(« 

witty only by the help of speech." 

There is nearly as much difference in skill in the use of 

3cles of the face, as in the use of those of the hand. And 

I not go to the accomplished orator or actor, as furnish- 

ilone with the higher examples of this skill. It is often 

;hibited iil the ordinary intercourse of life, in those who 

eat capacity of expression, together with a mind uncom- 

'efined and susceptible. In them every shade of thought 

ling is clearly and beautifully traced in the countenance. 

this is the result of education of the muscles of expres- 

I education of which the individual is for the most part 

dous, no direct attempt in the training of these muscles 

oceed, unless the mind itself be of Qie right character. 

ence and kindness cannot be made to beam from the 

lance, if they do not exist in the moving spirit within. 

re often awkwardly counterfeited, the ope by the bustling 

imed by the face of the shallow pretender, and the other 

smirk of him who smiles only to get favor or profit from 

The counterfeit is often mistaken for the reality ; and 

ion to the truly intelligent and kind, there is often much 

i the estimate put upon their intelligence and kindness, 

16 different degrees in which these qualities, when exist- 

the same amounts, are exhibited in the expression of the 

lance. In some, the muscles of expression respond more 

and aptly to the thought and feeling within, than they 

others. 

, I know not of any more beautiful and striking exempli- 

: of the influence of the mind and heart upon the expres- 

the countenance, than is to be seen in those institutions 

juvenile outcasts from society are redeemed from their 

ation by the hand of benevolence. You can often note 

learly the progress of the mental and moral cultivation 

lineaments of the face, as lively intelligence takes the 

>f stolid indifference, and refined sentiment that of brutal 

I. Sometimes a few weeks suffice to change the whole 

Ler of the expression. The dull eye becomes bright, not 

ny change in the eye itself, but from the intelligence and 

ent which now play upon the muscles in its neighborhood. 

muscles which impart a lively and pleasant cast to the 

nance when they are in action, are awakened from their 

21 



242 HUMAN PHYSIOLOGY. 



long continued dormnnt stRte hj the magic wand of beaevolens^ 
and thuB give outward expression to the thoughts and feeling!!, 
which geotal inSueaces are producing in the mind and the heart. 
Tlie change is often as great in a little time, as it would be ii 
the fjice of an idiot, if he could be suddenly brought into tb» 
fiill poasession of the mental faculties. 

3.57. The habitual eiprcMion of the countenance, depending 
ns it does upon the habitual condition of the muscles, is seen 
after death. In the state of relaxation nhjch immediabJj 
occurs at death the face is very inexpressive, because its innsol« 
Bre, together with those of the whole body, so entirely relaxed. 
But very soon they begin to contract, and they assume Uut 
degree of contraction to which they were habituated daring 
life, and therefore give to the countenance its habitual espres- 
eion. It is when this has taken place — when the muscles, recor- 
ering from the relaxation of the death-hour, resume their acem- 
tomed attitude, as we may eipreaa it, that the countenanoe of 
our friends appears so natural to us, and we are held, as if Irf ■ 
charm, gazing upon the intelligence and affection beaming thae 
amid the awnil stillness of death, till it seems as if those lip 
must have language. And this expression is retained throagb 
all the period of rigidity, till it is dissolved by the rnlaiAtion 
whieh succeeds this slate and ushers in the process of decaf. 
It is thus that the soul, aq it takes ila flight, leaves its impress 
upon the noblest part of its tabernacle of flesh ; and it is not 
cSaced till the last vestige of life is gone, and the laws of d(«d 
matter take possession of the body. The state of couutennoce 
which I have described is tJius beautifully alluded to by Byron. 

He who hiilh bent him o'er llie dead, 

Bre the firel day of donlh has fled. 

The first dark dny of notliin^css. 

The lost of danger and dlBU'cBS, 

(Before decay's ef&eing fingers 

Have swept the lines where beauty liogera}, 

And mark'd the mild Bngeli(> sir, 
I Tile r»ptnre of repoie that's there, 

The Rx'd yet tender traits that streak 

The langQO? of the p!a<.'i J o> eek, 

And — but for that sod, Bbrouded eye. 

That lirea not, wins nut, weeps not, sow, 

And but (or thnt chill, chan^'lm brow, 

Where oold obrtrnotion'a apathy 

Appttla the gDUDg monmer's heart, 

Ai if to bim it conld unpart 

The doom he dreads yet dwells npon 

Tfa. bat lor these, and these alone. 
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Some moments, aye, one treaoherous hour. 
He still might doubt the tyrant^s power ; 
So (air, so calm, so softly sealed, 
The firat, last look by death revealed 1 



CHAPTER XIV. 

THE YOICB. 

The apparatus of the voice is truly a musical instra- 
We can see therefore, in its construction and arrange- 
be application of those principles, which usually regulate 
duction of musical sounds, and which man observes in 
• the various instruments which his ingenuity has invented 
;ht the ear. It is, however, a much more perfect instru- 
lan any which man has invented. Almost every musical 
lent, it is true, has a greater compass than that of the 
voice ; but it is by no means the chief excellence of an 
lent that it can command a great extent of the scale, 
paratus of the voice can execute enough of the scale for 
mon purposes. It is wonderful that its compass is so 
i it is, for it is a very small instrument, occupying a space 
than an inch square where the vibrating ligaments are 
i. In every respect besides compass this instrument far 
all others. Listen to a good voice which has been 
ucated. Its transitions have an ease and a grace which 
rkmanship of man can not equal ; the richness and sweet- 
its tones are above all imitation with the most perfect 
lents ; and utterance is given to its various notes with so 
pparent effort, with so little show of machinery, in com- 
with the instruments made by man, that we are ^lled 
onder at the effects produced by so simple, delicate, and 
ul a piece of mechanism. But the most important cir- 
nce to be noticed is, that there are parts connected with 
pparatus, which give articulation to the voice as it 
from the vocal chords, thus making it the principal me- 
»r communication between man and man. This distin- 
I it from every other musical instrument, and constitutes 



i 



its crowning escellenca. "When I come to speak partionUrii 
of the artiuulation of the voice, you ivill eee how really comph- 
cated is the apparently simple mechanism that produces the 
Viiiicd articulations, and thus makes the voice the chief mediiuo 
of mental commuaication. And if you try to roeasure, wi'l 
the utmost stretch of conception, the endlp,8a variety of tbougbt 
and feeling, which this apparatus conveys diuly, hourly, evarr 
moment fe)m heart to heart in the intercourse of life, you will 
be able to estimate in some good degree the value of those or- 
gans, which, though we seldom spend a thought upon them, m 
so constantly ministering to our enjoyment. 

359. Such being the high uses for which the voice is designed, 
when it possesses a rich and flowing melody, and its articulHtioli 
IB graceful and easy, its powers of fascination are wonderfliL 
Such a voice is a fit medium of communication for " thougbK 
that breathe and words that hum." This is more often true of 
the voice of conversation than that of song. It is in the hourly 
intercourse of life that melody of voice is most valuable to iu at 
a source of enjoyment, and here its influence is often aatunJshll^. 
It will sometimes give a charm, not to say beauty, to an ordinary 
face ; while on the other hand, the fascination of beauty is often 
destroyed hy the utterance of a voice harsh and without melod/. 
And it may be remarked that a rich and finely modulated ToiM 
of conversation, and a melodioas voice of song, do not alwaji 
go together. The voice which has delighted the ear of multi- 
tudes at the public concert, may be divested of all its ohaims, 
when used in conversatiou ; and on the other hand, thero an 
many who sing unskillfully, and yet in conversation give utter- 
ance to genuine and varied melody. 

S60. There is music not only in the human voice, but in the 
voices also of the brute creation. And the varied forms of llie 
apparatus by which it is produced show the impress of the Buine 
power. What variety there is in the Hounds which come from 
the multitudes of different animals on our globe, and how diveid- 
ficd is the handiwork exhibited in their vocal organs ! The pow- 
er from which springs this endless variety is the same te thai 
which gives sudi diversity to the human countenance, and I 
know not which is the most wonderful display of it. And i([| 
may be remarked, that although the voices of some ani * " 
harsh and discordant, those which we most frequently 
melodious. Even some of those which are unpleaMDt ' 
ear, become in some degree pleasant when occasionall]' 
M the right lime and in the right place, (rota the addition 
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Two kindi of wind ioitnunents — reed, and thne having an inflexible mouthpieee. 

they make to the varietj of sounds that we hear, and from the 
aseociations which become connected with them. A goose on a 
common, says Cowper, is no bad performer. 

With these preliminary remarks I proceed to the investiga- 
tioQ of the subject. I shall speak first of the voice as it is pro- 
duced in the larynx by the vibration of the vocal chords or 
ligaments, and then treat of the articulation of the voice. 

361. As the apparatus of the voice is really a wind instru- 
menty I will first develope the principles on which wind instru- 
ments produce the various musical notes, and 
then show you the resemblance between these 
instruments and the set of organs which are 
engaged in producing the notes of the voice. 
"V^Hnd instruments are of two kinds — those 
that have an inflexible mouthpiece, and those 
in which the sounds are produced by a vibrat- 
ing reed. The horn, trombone, trumpet, fiute, 
fife, flageolet^ flute-stop and other stops of the 
organ, d^c, are instruments of the first kind. 
The cause of the variation of notes produced 
in these instruments may be thus expluned. 
The column of air contained in the tube is the 
vibrating body from which proceeds the sound. 
Any thing then that afiects the column of air 
afifects the note. The length, the breadth, 
and the mode of producing the vibrations are 
the causes of the variation of the note. The 
holes which are in the side of a flute are for 
the purpose of altering the length of the con- 
fined column of air. In the trombone this is 
done by shding one part of the instrument 
upon the other. The general rule is, the 
longer is the column of air the more grave is 
the note. Thus in the flute, the lowest note 
that can be produced by the instrument is 
made by covering all the holes, so that you 
have a column of confined air the whole length 
of the tube. The highest note, on the other 
hand, which the instrument is capable of pro- 
ducing is made by so arranging the fingers as 
to allow the air to escape at the first hole. 
In this case the length of the confined vibra- 
ting column of air extends only from the mouth 

21» 
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Siu mi widtli of libnliiif colninn or >ii nBinitli 

hole to the bole from which the mr escapes. I take anolLcr 
illustration from the orgaD. Fig;. 135 is a representation of OM 
of the pipes of the flute-stop of the oi'gan, which is a voodxia 
box, made very much after the manner of a bor's chesOUt 
vhistle. At a is the passage for the introduction of ibe air: h 
U the inclosed column of air, the vibration of which nroduci!* 
the sound ; c is the place of escape for the air ; and d jsa mov- 
able plug, by means of which the Tibrsting column of sir tan 
be made longer or shorter, according to tJie note desired, Tn 
tuning the organ, if the pipe gives too low a note the plug is 
moved downward, thus shortening the column of inclosed air, 
but if too high a note, the plug is raised up. 

302, The same rule applies to the width of the vibrating 
column of air. The wider the column the graver the not«, and 
vice versa. I would observe, that in a long, slender column of 
air, as in the trombone, by giving the current of air from lie 
mouth a great velocity a high note may be produced ; but 
where, as in the ophicleide, ihe column ia both wide and long, 
it is difficult to do this, because it is difficult to produce a quidt 
vibration in so large a body of air, with all the suddenness aod 
force with which we can move it. 

3G3. In those instrnmeDts which have no expedient for alter- 
ing the length of the column of air, such as the common bora, 
the various notes are produced by narrowing or widening the 
orifice by the agency of the lips, as the ease requires, at lbs 
same time giving, by the varied velocity with which the air is 
forced into the instrument, a quicker or slower vibration to tie 
air. Grave sounds are produced by a wide, and acute by a 
narrow opening. In playing the flute the ojieniiig of the lip* 
h lhu3 varied in order to produce a vibration which shall oo^ 
respond with the length of the column of air. If the fluta 
player, with bis fingen arrnnged for a high note, should blow 
into the mouth hole with his lips forming a large orifice, ha 
tvould not produce the desired note. To produce the proper 
viiration in a short column of air, the orifice from which the air 
issues to move this column must be small enough to oorrea- 
pond, and with it there must be the requisite velocity in the air 
as it comes from the mouth. Vou have a good illustration of 
the iefluence of size of orifice on the note of sound in common 
whistling. The higher the note produced tha more narrow is 
the outlet from the mouth. The size of it is regulated by both 
She lips and the tongue. 

364, In reed instruments Vt^ variations in note are p 
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Qferent ipanner. The clarionet, hautboy, bassoon, the* 
ps in the organ, &;c., are instruments of this sort. It is 
"ation of the thin plate called the reed that causes the 
The longer this plate is, the slower are the vibrations, 
refore the graver is the note, and vice versa. The prin- 
Q be well illustrated in the reed stops of the organ. The 
1 the different pipes are made of different lengths, accord- 
he notes which they are to produce. In a reed instru- 
layed by the mouth, as the clarionet for example, the 
' of the vibrations is regulated by the pressure of the lips. 
lUcing a high note the lips press firmly on the reed and 
at a small portion of it to vibrate ; while in producing a 
e the lips press less finnly on the reed, and leave a large 
of it to vibrate. 

You see that the same principles apply to the reed as 

x>lumn of air in the other kind of wind instruments. In 

yses the longer and thicker the vibrating body the coarser 

ibration, and the graver the note. This same principle 

plies to stringed instruments. Thus in the piano, the 

lotes come from long and large strings, while the higher 

x>me from slender and short ones. In the violin the 

are all of the same length, the larger strings giving the 

notes, and the smaller the higher ones. The notes are 

also in the case of each string, by varying the tension. 

ire varied too while playing on the instrument by varying 

gth of the vibrating strings by the pressure of the fingers. 

. The reed is always connected with a tube. Has this 

luence upon the note produced by the reed ? It contains 

iin of air through which the sound caused by the vibra- 

' the reed must pass. Unless, then, the vibration of this 

1 of air corresponds with the vibration of the reed, it will 

le note. It does alter the note to some extent always. 

er raises it, but always makes it more grave. That is, 

)ration, in passing from the reed to the column of air, 

es less rapid and coarser, as is always the case when vi- 

1 passes from any substance to another. But the tube is 

mged that there may be as little change in this respect 

sible, and yet have the combined effect of a reed and wind 

nent secured. Holes are therefore properly placed in the 

' the tube, so that with the fingers the column of confined 

ly, in the case of every note, be placed in correspondence 

he vibration of the reed. Suppose the tube to be long 

ithout holes ; in this case low notes could be easily pro- 
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'duced, bat attempt a high note and jou would fail. The rewcn 
is obviotiB. The low note is caused hj a low aad coaree vibra- 
tion of the reed, for the transmiseion of which a long colniAn 
of air is fitted. But if a. high note be attempted, the bIo* 
Tibration of the long column of wr disagrees with the qmcl 
vibration of the reed, and flattens veiy much tic Bound after it 
coroi?B from the reed, as it passes through the tube. As I hSTB 
already hinted, the object of the tube is to secure in the instru- 
ment the combined effect of a reed and a wind inBtmment 
The tube makes the reed speak, as it is expressed; that is, it 
gives intensity and an agreeable character to the sound. K 
you disconnect the reed of the hautboy or bawoon, for example, 
from its tube, and blow upon if, jou can produce all the variety 
of Dot«s, but the sound is disagreeable ; but by connecting the 
tube with the reed you produce a compound sound, as we majr, 
call it, which has a sweet and rich melody. _ 

We will now esamine the apparatus of the voice, and seed 
far the principles which I have developed in relation to ct 
musical inatmments are applicable to this instrument 

367. Just at the root of the tongue, as described in the C 
ter on the Bones, § 282, is a BmaO bone, shaped so much. 
the Greek letter v that it is called tie hyoid or TJ-like 1 
The round end of this bone is towards the root of the tod 
and its two ends point backward toward the pharynx. J 
this bone is connected a long cartilaginous tube exteDdil)| 
tbe lungs, called the trachea, or windpipe. It is througsjL 
tube, as you have already learned, that the air goes ba(^a|_ 
forth from the lucga in respiration and speech. It is not a 
solid tube, but is composed of a great number of rings of carti- 
lage connected together by membranous parts. The rings are. 
not perfect circles. They are deficient behind, and this deficieg 
is supplied by a membrane. The object of this arrang 
evident The part of the tube where the rings are dt 
Jirectlyin front in its whole length of the oesophagus oi 
the tube throujth which the food passes. If the rings hi 
made entire, it is manifest that their pressure would i 
somewhat with swallowing. But it is the upper part o 
windpipe, that part which is immediately below the tj-Iikfl 
ivhich claims our attention as the seat of the formation a 
voice. This part is called the lamyx. It is formed of fi' 
tilagea, the arrangement of which I will now show yoa. 
largest of these cartilages, the one which forms the ' 

ly of this music-boi, as we may call it, is the ll 
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mm Adami, or Adam's apple, wliioli is so easily felt in 

of the neek. This cartilage forms the front and sides 

ttrynx, but it is open behind. The cricoid cartil^e is 

fery much like a. seal ring, and this resemblance gives 

me. The narrow part of it is situated directly under 

md cartilage, in ita front and at its sides, but the broad, 
part of it ii behind, projecting upward and filling up a 

tne open apace left by the deficiency of the thyroid in 

a. A side view of these parts 

in Fig. 136, in which 1 is the pm, ijg. 

ke bona ; 4 is the thyroid car- 

and 6 the cricoid. At 8 is 

[ part of the cricoid, filling up 

f the space in the o|ien rear 

thyroid ; 3 is a horn shaped 

)ii of the thyroid, and 5 is a 

one below, projecting over on 

jutaide of the cricoid ; 2 is a 

lembrane or ligament con nect- 
hyoid or U-like bone with 

of the thyroid ; 9 is the epi- 

drawn up by a hook ; and at 

le rings of the trachea. The 

is is composed in part of car- 
It is, aa I haye alreadytold 

the Chapter on Digestion, § 78, 

of the music box, the larynx, 

[ down when we swallow, so 

) food or drink may pass over 
being raised up when we 

There are two small cartilages which are not seen in 
are, called arytenoid cartilages, from two Greek words, 
g ladle and shape, because they bear some resemblance 
to a ladle. They stand in the open space in the rear 
the thyroid, on the top of the cricoid cartilage. They 
pillars to which the vocal chords or ligaments are attached 
These two cartilages are movable, having a regular 
Ith the upper edge of the cricoid. There are small mus- 
lich pull them in different directions, and thus change 
^ee of tension and the position of the vocal ligaments, 
»urso vary the note of the sound produced by their vibra- 
rhat you may understand how this ia done, I give you 
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icLuiiui. 


in Fig. I3T a diagram showing tho ar 


rangemont of these liga- 




as you look douin into 


the larynx, in vrliicli a is the front of tb 


thyroid cartilage, and bt 


are the two arytenoid cartilages, To 








of membraDB, which are also fastened 


^ 


all around to the inside of the thy- 


j^SS^ 


roid. II' these movable poets, as we 




may call thein, to which the ligaments 


^NHM^k j 


are thus attached, be drawn back- 


^K^M ^^^^ y 


ward, it is obvious that it will make 




the ligaments more tense If thoy 


f ' * " ' 


are separated from each other, the 


opening between the ligaments will 




be widened. *If they are brought 




nearer together, this opening will be 




narrowed, and the forward part of the free edge of each liga- 


ment wiil be prevented from vibrating, 


wcause it is here brought 


in contact with the other ligament. 




Now there are amall rauscl^ which 


Fia. 13a. 


are aOaehed to the arytenoid car- 


y^v 


tilages for the purpose of moring 


/2B^v 


them as I have pointed out. The 


Zfl^x 


figure which I have presented is a 


/■^\ 


mere diagram, to show the arrajige- 


y^M^K\ 


ment of the ligaments for the pro- 


wMmFtLl^ 


, duction of the vartuus notes of the 


f^B^WKi 


voice. In Fig. 138 is represented 


\r^m^^\ 


the actual appearance of the liga- 


V U 


ments and the arytenoid cartilages. 


V M 


as you look down upon them. The 




ligaments you observe are thicker at 


TBB VOCAL uoAMSsra. 


their free edges than any where else. 




300. In Fig. 139 you have a view of the larynx and trachea 


rom behind, in which aie shown two of the muscles that move 


ie arytenoid cjtrtilages. At h is th 


e hyoid bone ; t t, the 


josterioc margins of the thyroid c 


rtilage; belwetrn tlieae 


*tands the broad rear i)art of the cricoid cartilage, the 


■oiddle line of which you see at c; 


at r are the re:ir ends 


ef the rings of the trachea ; I is the 


membranous part of the 




marks the top of one of the arytenoid cartilages, and ''OBSea 


also the top of the other ; e is the 


epiglottis represented^^H 



THE VOICE. 




tOAit TIEW OF TUB LARTNS AND THB TRAOHIA. 



nused np as when we are Hpeaking ; £ is a muscle, whicb, be- 
^nning at the middle line of the cricoid cartilage, runs forward, 
and is fastened to the outside of the arytenoid cartilage) there 
being one like it on the other side, as you see ; s ia another 
muiwle going from the cricoid to the aryteDoid cartilage, which 
also has its fellow on the other side. You can see that the muscle, 
», and its fellow, if cpntracted would bring the arytenoid cartilages 
aearer t<^ether, and so diminish the opening between the vocal 
membranes which are &stened to these pillars. The muscle, i, 
and its fellow, on the other hand, when they act, so draw upon 
the outer edges of the arytenoid cartilages as (o Eeparate these 
cartilages from each other, and therefore enlarge tne openings 
between the ligaments. There are other muscles not seen in 
the figure, that alter the size of the orifice between the vocal 
ligaments and thdr degree of tenuon, and thus affect the notea 
of the voice. 

370. I have described the true vocal ligaments. But thera 
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is another pmr of ligaments directly above them, the space 
between which is the real opening intothe larynx, upon which 
the epiglottis shuts down when we swailow. Yon will get a 
good idea of the arrangement of the two pairs of ligaments from 
Fig. 140, This is a representation of an inner view of a 




half of the larynx, the division being made directly dcnni, ■ 
from front to rear. At i is the front of the thyroid cartildl 
with ita cut edge ; at c c, are the two cut edges of the cricoid, 
ehowing how narrow is its front part compared with its broad 
rear portion ; a is the left arytenoid cartilage, e showing the 
place where it is united by a joint to the top of the cricoid ; /i» 
the trachea ; r is the true vocal hgament or chard; v is the 
space between this and the upper ligament ; and e is the epig- 
lottis which is shut down upon the upper ligaments as a co Tflf "* 
by the contraction of the muscle b, juat when this u 



THE VOICE. 



253 



FIG. 141. 





Upper and lower ligamenti. The lower the true yoeol chords. 

In Fig. 141 is a diagram represent- 
ing the plan of these two pairs of 
ligaments, as showf by a perpendic- 
n&r section from side to side. B B 
represents the vocal ligaments, C C 
the upper ligaments, and V V, the 
two recesses between them. 

371. We know that it is the 
lower ligaments that are the true 
vocal chords, because the parts 
above these, even the upper liga- 
ments, may be all cut away, and yet 
a vocal sound may be produced ; 
while if an opening be made into 
the larynx below the lower liga- 
ments the voice will be destroyed. 
Magendie, a French physiologist, 
speaks of a man, who on account of 
an opening in the larynx was never 
able to speak without pressing his 
cravat tightly against this opening, 

in order to prevent the air from escaping through it. Many 
experiments nave been tried with the larynx after death to 
verify the results above stated. The lower ligaments are then 
the vocal chords, by the vibration of which all the different 
notes of the voice are produced. And the other parts of the 
vocal apparatus serve only to modify the sound caused by the 
ligaments. The lungs act merely as the " wind-chest," to Jiold 
the air which being forced out strikes on the ligaments, and 
makes them to vibrate. 

372. Let us now apply to this apparatus the principles 
which I have developed in the beginning of this chapter, as 
regulating the variation of note in common musical instru- 
ments. The size of the aperture, through which the sound is 
thrown out, influences the note, of which we have a familiar 
example in whistling. And as you have seen that the size of 
the . opening between the vocal ligaments is varied by the 
muscles moving the arytenoid cartilages, this must have an 
influence upon the note of the voice. But this is not the only 
cause of the variation of the note. As I showed in relation to 
the reed, and to the strings of stringed instruments, so also 
here the larger and less tense are the vibrating bodies, the vocal 
chord !5, tlie graver is the note, and vice versa. You have seen 

22 



254 HUMAN PHYSIOLOGY. 



PrinoiplM of miuical ioitrumeDti applied to the vocal appa r a t ut. 

how these chords or ligaments are varied in tension by thd 
action of the muscles that move the arytenoid cartilages. Toa 
have aluo seen that, as these cartilages are brought near to- 
gether by the muscles, the extent of the free vibrating edges of 
the Ugaments is shortened, because their edges are brought to- 
gether in their anterior part (Fig. 137). Magendie verified 
this by observation. He opened the throat of a noisy dog in 
such a way that he could look directly upon the vocal ligaments. 
When the sounds were grave, he observed that the ligaments 
vibrated in their whole length, and that the air passed out in the 
whole length of the chink between them. But when the 
sounds were on a high note, the ligaments did not vibrate in 
their anterior part, but only in the posterior, and the air passed 
out only at the open vibrating part. It is manifest that m pro- 
ducing the various notes, the muscles that move the arytenoid 
cartilages act upon the ligaments just as the lips do upon the 
reed of the hautboy or bassoon, regulating the extent and the 
rapidity of the vibrations. 

373. There has been much discussion as to the kind of 
musical instrument the larynx most resembles. From the &ct8 
above stated it appears clear that it most resembles reed instru- 
ments, though its analogy to stringed instruments is also quite 
apparent. There is also a resemblance to some small extent to 
common wind instruments, as the size of the orifice between the 
vocal ligaments must have some influence upon the note. 
Whatever we may think as to the degrees in which these 
analogies exist, we can see that the great principle of musical 
sounds is regarded in all the arrangements of the vocal appara- 
tus, viz., that coarse and slow vibrations produce grave notes, 
while rapid and fine vibrations' produce high ones. 

374. I will trace the resemblance between the instrument of 
the voice and common musical instruments still farther. The 
sound as it comes from the larynx passes through a tube, just 
as the sound coming from a reed does in a reed instrument 
In other words there is a body of inclosed air extending from 
the larynx to the outlets of the mouth and nose, which vibrates 
in transmitting the sound from the larynx. This body of air is 
not as simple in its form as that is which is inclosed in the lube 
of common reed instruments. It has three outlets, the month 
and the two nostrils. The sound of the voice, however, seldom 
comes out from the orifices of the nostrils, but almost always 
from the mouth. In humming it comes altogether from the 
nostrils. In ordinary speaking and singing the cavities of the 



■ose act as reverberating cnvitieB, the sound which raverberatea 
there issuing from the mouth. Tiiis fact wili be illustrate 
when I come to speak of the articulation of the voice. The 
curtain of the palate answers as a iMirt of swino; door between 
the cavity of tbe mouth, and the cavities of the nose, to direct 
tlio air the one way or the other. When a sound is to he 
rererberated in the cavities of the nose, it bangs in such a way 
that tlie communtcatioD between the mouth aud these cavitieii 
ia open. 

875. You have seen that the tube connected with the reed 
in the reed instrument is so arranged, that the length of the 
confined column of air can he changed, in producing the 
dilierent notes, the vibration of the air thus being brought into 
correspondence with that of the reed. How is tie same [Jiing 
effected in the vocal apparatus ? It is done in two ways. 
First, the length of the tube is altered. If you place your 
finger on the front of the larynx, and then sound various notes, 
you will feel the larynx rise when you sound a high note, and 
tall when you sound a grave one. The object of this move- 
ment is to alter the distance from the larynx to the outlet of the 
mouth, in other words, to alter the length of the column of air 
in the tube, so that it may curre>ipoud in ita vibration with the 
vibration of the vocal chords. But the size of this column of 
air is altered in anotJier way. It is altered in its imdlh, which, 
aa I have rumufked ill relation to musical instruments, § S62, ia 
quite as effectual in vLanging the vibration as an alteration of 
length. The tube of the vocal instrument you readily see can 
be altered in its width by the muscles of the throat and 
mouth. 

376. The object of the tube of the reed instrument is, I have 
stated in g 366, to make the reed speak, as it is termed ; that is, 
to give intensity and an agreeable character to the sound. The 
tube in the instrument of the voice undoubtedly does the same 
' thing. If the voice should come directly from the larynx with- 
out passing through the tube attJiched to it, it would be as dis- 
agreeable as the sound of a reed when separated from its tube. 
, The voice gets most of ite melody after it is made in the 
lai^Dx, as it passes out through the column of air in the throat 
and mouth. And it is the variations of tbb tube produced by 
the muscles that surround it that give to the voice its variety 
of tone as well as it^ melody, thus constituting one of the 
gi'cat excellencies of the vocal instrument in comparison with 
all common musical iostrumeots. If the voice of Jenny Lind 
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oonld be made to come directly from the larynx, notwithstandf 
ing its great compass, it would lose all its charm, and would be 
better fitted for the performances of Punch and Judy, than fbr 
the public concert 

d7^r. It is a very common popular notion, that a hoaneneafl, 
or a loss of voice, indicates disease in the lungs. But you have 
seen that the lungs are the mere bellows, or the " wind-chest " of 
the organ of the voice, and that the voice is produced by the vi- 
bration of the vocal ligaments as the air forced from the wind- 
chest strikes them, and is modified by the tube which extends 
from the larynx to the outlet of the mouth. Any alteration of 
the sound therefore, as hoarseness, must be caus^ by difficultjr 
either in the ligaments, or the tube, or in both, and an en- 
tire loss of the voice can be caused only by an affection of the 
hgaments. Disease in the lungs, it is true, is very apt to afifoet 
the lar3mx and the throat by extension or by sympathy, and 
thus alter the voice ; but it often does not. Consumptive pe^ 
sons sometimes have a clear voice almost to the last. 

378. The epiglottis, besides acting as a lid hr the larynx, for 
the food to pass over it into the oesophagus, also has an in- 
fluence upon the voice in two ways. First it can be made to 
narrow more or less the passage of air from the larynx. And 
secondly, some experiments of M. Grenie on reed instruments 
show, that it has an influence upon the intensity of the voice. 
When experimenting on some reed instrument, he wished to in- 
crease the intensity of sound without changing the reed. For 
this purpose he gradually increased the force of the current of 
the air ; but this not only augmented the sound, but raised its 
note. He at length obviated the diflSculty, by placing obliquely 
in the tube, just under the reed, a supple elastic tongue. He 
could now give greater intensity to the sound without raising 
its note. The epiglottis seems to perform the same oflSce ii^ 
our vocal tube, for it is elastic and supple like the httle tongue 
which M. Grenie placed in the tube of his instrument. Its 
situation is similar also, it being directly over the double reed 
of the larynx, as we may call its ligaments. There are muscles 
to move it, so that it may be at the right inclination in aU 
cases. One of these is seen in Fig. 140 at 6. 

379. I have thus traced the analogy between the apparatus 
of the human voice, and musical instruments. How nicely ad- 
justed are all its parts ! With what precision must the muscles 
that move them act in those who are able to produce the most 
delicate, as well as the most striking variations of note ! Every 
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mcdulation of the /oice, however slight, requires muscular ac- 
tion to effect it. Ilie vocal ligaments must be put in just such 
a state, or the wrong sound will be produced. So too, the 
muscles of the mouth and throat must put the tube of the 
vocal instrument into the right shape, in order to have the con- 
tained column of air correspond in* vibration with the vocal 
ligaments. To have some conception of the variety of the 
motions -of the muscles concerned in the modulation of the 
voice, listen to some singer whose voice can command with ease 
and freedom a great extent of the scale. For every note that 
you hear there is a distinct and particular adjustment of the 
vocal ligaments, and of course a particular degree of contrac- 
tion of the little muscles that move them. Let us see how deli- 
cate the action of these parts is. It is calculated that the liga- 
ments vary in length only about the i of an inch in producing 
all the notes of the voice. Now the natural compass of the 
voice (that is its range from its lowest to its highest note) in 
most singers is about two octaves or 24 semitones. Within 
each semitone a singer of ordinary capability can produce 5 or 
6 distinct notes ; so that for the whole number of notes that he 
can sound distinctly 120 is a moderate estimate. He therefore 
produces 120 different states of tension in the vocal ligaments 
And as the variation in their length for passing from the lowest 
of these 120 notes to the highest is only the -J-th of an inch, the 
vartatioh required to pass from one note to another will be only 
the -j-hrth of an inch. A very expert singer can produce a 
much more delicate action than this, and distinctly appreciate 
the result by his ear. How great the contrast between the 
minute contractions of the little muscles that move these vocal 
ligaments, and the contractions of the large muscles in the arm 
that wield the ax and the sledge-hammer! 

380. It is proper to notice here one very marked difference be- 
tween the vocal apparatus and common musical instruments. I 
have spoken in the previous paragraph of distinct notes as exe- 
cuted by the voice. Most instruments execute only these distinct 
notes. But the voice can also glide from one note to another 
with a continuous sound. In this respect the vocal instrument 
is superior to common musical instruments. There is one 
instrument, however, the violin, in which this gliding movement 
can be to a great extent imitated. It is done by sliding the 
finger on the jstring, as it vibrates under the bow. A peculiar 
use of this gHding movement distinguishes the voice of speech 
from that of song, as I shall show you in another part of tbia 
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chapter. It is by an imitation of this, by sliding the finger on 
the string, that the violin can be made to imitate so well the 
tones of conversation. 

381. The muscles, by which all the variations in the tension of 
the vocal ligaments are effected, receive nerves from the brain, and 
are under the guidance of the will. When the mind therefore 
wills to produce a certain sound, these muscles immediatelv 
place the parts in such a state as to cause that sound. This b 
true of the muscles that put the tube- in correspondence with 
the larynx, as well as of those which produce the right state of 
tension in the Hgaments. It is also true of the muscles whidi 
articulate the voice, of which I am yet to speak, and of those 
which work the chest, the bellows or ** wind-chest " of the organ 
)f the voice. The muscles of this apparatus are in the same con- 
dition with other voluntary muscles; and therefore, like them, 
the more they are trained in the exercise of their powers, the 
more perfect will be their action. The muscles in the arm and 
hand of the infant learn to execute the motions of which they 
are capable gradually. Just so it is with the muscles of the 
voice — from our infancy they are trained under the ear as an 
instructor. The muscles which regulate the adjustment of the 
vocal ligaments, in producing the different notes, cannot do it 
accurately without the education of exercise, any more than the 
lips of one just beginning to play on the hautboy or clarionet, 
can regulate their pressure on the reed, so as to sound the dif- 
ferent notes correctly. The analogy is perfect, for it is the 
miiscles moving the vocal chords that vary the note of the voice, 
and it is the muscles moving the lips that vary their pressure 
on the reed, and of course vary the note of the instrument. 

382. The skillful singer or speaker exhibits much skill in 
managing the muscles of the " wind-chest" He keeps it all 
the time well supplied with air, so that but a comparatively 
slight action of the expiratory muscles will suffice to throw the 
air against the vocal ligaments with the requisite force. But 
an unskillful singer or speaker much of the time has his chest 
poorly supplied with air, and so speaks or sings, as it is expressed, 
from the top of the chest. It costs him, therefore, so much labor 
to throw out the air with sufficient force, that he is soon tired 
out. The necessity of keeping the chest full of air, in order to 
work the vocal apparatus easily, may be illustrated by reference 
to the bagpipe. If the bag containing the air be well filled, a 
Blight pressure of the arm upon it will force the air through the 
pipe with sufficient rapidity to produce the sound. But if the 



bag be flicdd, frora the little quantity of air in it, r very strong 
prosaure of the arm will be required to produce the same effect. 

383. But it ia not the muscles of the clieat only that are tired 
out in the unskilifui singer or speaker, but also the muscles of 
the luyuK and the throat. And a frequent tiring of these 
musclea weakens the force of the parla, and often at length 
produces disease. Much of the throat-disease of public speakers 
comee from this cause, and is a nervous disease, the affection of 
the liaing membrane of the throat being often a mere accompo- 
iiiment. This result is more apt to occur when the nervous 
force of the system generally is impaired, than when there is a 
■tate of vigor. It is also more apt to occur in those who speak 
in a uniform and somewhat monotonous wanner, than in Uiose 
who have much variety in their mode of speaking, A continua- 
tion of precisely the same musculareffort for any length of time is 
apt to produce painful exhaustion, while a much greater amount 
of varKif muscular effort may be put forth without weariness, 
or even with pleasure. 

384. It would be interesting to trace the differences in the 
Arrangement of the vocal appat-Htus in different animals, but I 
will only notice the arrangement which we find in birds. The 
voice of birds is formed not, as in us, at the top of the wind- 
pipe, but at its lowest porUoD. Like, the human voice, it is 
produced by the vibration of sheets of membrane. These are 
placed just at the division of the trachea, where ils two branches 
go off to supply the two lungs with air. The voice is formed 
by these ligaments, and is then transmitted through the column 
of air contained in the whole length of the windpipe. Thin 
column of ur must have some influence on the note of the voice, 
according to its length and diameter. Birds, therefore, in sing- 
ing di^rent notes change its length in some measure. This is 
eSMly done, at the wind]iipe is composed of rings of cartilages, 
coDDected together by inembranuus substance. There are raus- 
oles indeed up and <h>wn the tube, for the purpose of shortening 
it by approximating these rings to each other. As the turkey 
gobbles ne throws his head up and down, and thus shortens 
and lengthens the trachea. This movement is quite obviDUi> 
abo in the canary bird. 

386. Having thus treated of the formatJon and the mod- 
ulation of tiie voice, I coma now to its articulation, whxh 
makes it the grand medium of intercourse between man and 
man. I will fijst describe the parts engaged in articulation, anj 
tbea speak of the agency of each of them. 
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886. The toooI tube, which I have deacribed as exteOM^ 
from the laryRx to the outleta of the mouth and the nostrils, 
produces all the variety of pronunciation in all Jhe different Un- 
guals of our globe. It is all one cavity, though it i« partially 
divided by partition wiills. If you recur lo Fig, 10, on pag9 
48, you will see a representation of this compound cavity, Al 
the top of the trachea d you eee the epiglottis e, which shuu 
down upon its orifice when we are swallowing. Above this it 
n large Bpace called the pharynK, It ia the back part of the 
throat, which we can see behind the arch of the palate on 
looting at it through the open mouth. Its communication with 
the mouth and the carities of the nose ia regulated by the palate 
ff, which ia moved by muwies into the different positions required. 
The cavities are very complicated, having several partitions par- 
tially dividing them, as seen in Fig. 89, and they communicate 
with celU in the bones by small oriflcea, That very movable 
organ, the tongue, and the teeth and lips, I need not describe. 

387. We wiQ now observe the ^ency which the different 
parts of this compound vocal tube have in the articulation of the 
voice. Every letter, whether it be a vowel or a consonant, re- 

Juires a particular position of the different parts of the vocal tube. 
1 some letters the tongue is the chief agent in articulation, in 
others the lips, in others the teeth, in others the palate, and there 
are some in the formation of which the cavities of the nose hate 
an important agency. I will notice the difierent parts separately. 

388. The tongue has been considered ao essential to spoecn, 
that tongue and language are often uaed synonymously. But 
though ^it does perform an important part in articulation, it ii 
not absolutely essential. Tlmugh it assists in the formation of 
many of the alphabetical elements, it is the principal agent in 
but two of them, ( and r. The loss then of this busy little 
organ does not necessarily produce dumbness, nor even impair 
to any great extent, in somu cases at least, the power of speech. 
To prove this I will cite a few facts whirfl appear to be well 
authenticated. The Em[)eror Justin says that he had seen ven- 
erable men who, after their tongues had been cut off at the root, 
"complained bitterly of the tortare they had suffered." He 
says also in another place that some prisoners, who wer« ptio* 
ished in this barbarous manner by Honorichius, King o' '* 
Vandals, " perfectly retained their speech." But thei'e ai 
more thoroughly attested, having been examined and n 
upon by scientific observers. A boy, who lost his ton^, 
disease at the age of eight years, was exhibited publicly h 
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he could talk without a tongue. At the request of the membera 
of the University of Saumur, the boy was brought before them 
by his friends. After a strict examination they were perfectly 
satisfied as to the facts in the case, and recorded their official 
testimony to that effect. A very interesting account is given 
of another case in the Philosophical Transactions, in several 
papers published from time to time between the years 1742 
and 17 4 7. It is the case of a girl who lost from disease the 
whole of her tongue, together with the uvula, (the little round 
body which hangs down from the middle of the arch of the 
palate,) and yet could talk and swallow as well as any one. 
So perfect was her articulation, that she could pronounce with 
exactness those letters which commonly require the agency of 
the tip of the tongue. She could sing finely, articulating with 
the same clearness as when she talked. The sockets of the teeth 
too were so much injured, that there were few teeth, and these 
rose 80 Httle above the gums, that they could not render much 
assistance, if any, in articulation. This case was investigated 
very thoroughly. The account was given to the Royal Society, 
attested by the minister of the parish, a physician of repute, 
and another respectable person. The Society, not wishing to 
give too easy a credence to so strange a case, requested another 
report from another set of witnesses appointed by themselves, 
and they gave them a series of questions to guide them in their 
investigations. The report which they made out coincided very 
minutely with the account first given. The case excited so 
much interest that the young woman was at length brought to 
London, and appeared before the Royal Society to satisfy them 
that she could really talk and sing, although she had no tongue. 

389. Some of the letters are formed principally by the teeth, 
as c, f, 8y z. They are therefore called Dentals, It is the too 
frequent and bungling employment of some of these which con- 
stitutes lisping. Those who have a tongue too large for the 
mouth are apt to lisp. In advanced age, when the teeth are 
lost, we find this defect of lisping. The reason is obvious. 
When the teeth are gone, the sockets gradually become oblit- 
erated, and that part of the jaw-bone where the teeth were, of 
course diminishes in size, making the mouth too small for the 
tongue. 

390. The letters, in the articulation of which the lips take 
the lead are b^p, rn^f, Vy Wy <&;c, and are called labials. Chil- 
dren, when they first begin to talk, use labials freely, because 
tbey can see in others the motions necessary for their pronunci 
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ation, and then imitate them. Hence the endearing terms used 
by the child to the parent are, I believe, in all languages, or 
nearly all, composed of labials and vowels. And too, it is from 
the delight which the child takes in repeating over and over 
these terms, that we have the word papa and mama^ instead 
of pa and ma. The same thing can be observed in other .•«!• 
guages as well as the English. If we teach a child to wf 
&ther instead of papa, he finds little difficulty in articalating 
the first syllable, because it begins with a labial,/; but in tiie 
last syllable he will at first substitute for th the labial v, making 
it fdver. Intoxicated persons, their lips being weak and trem- 
bling, are apt to make an awkward use of the labials, as well as 
of those letters in which th.e tongue has much agency. . Per- 
sons with large lips also are apt to use the labials unskillfully. 
Sometimes one labial is used for another, as / for v, and p for 
b. This is very common among the Welsh. Shakspeare gives 
us an amusing case of this sort in Sir Hugh Evans in the Meny 
Wives of Windsor. " Ferry goot," says he, " I will make a 
prief of it in my note book." And so he says prains for brains, 
peings for beings, petter for better, <fec. The labial w is some- 
times used for v, thus, winegar, indiwisible, werry wigorous. 

391. The nasal cavities, it is obvious, must have a great 
influence in articulation. The letters m and n are partly nasal. 
In pronouncing m at the end of a syllable, as am, em, or om, 
we close the lips, and the sound issuing from the larynx rever- 
brates in the cavities of the nose. You can perceive this rever- 
beration by pressing gently upon the nostrils with the fingers 
while pronouncing this syllable. The same can be said of n, 
except that in pronouncing it we press the tip of the tongue 
against the roof of the mouth just behind the front teeth, pre- 
venting the passage of the air out through the mouth in this 
way, instead of doing it by closing the lips, as in articulating 
m. When m and n begin syllables, as in mo and no, the mond 
is opened after the m or n is pronounced, in order to give utte^ 
ance to the next letter. These are two distinct acts, but the 
one succeeds the other so quickly, that they appear to be a 
single act. The nasal sound ng is the one which we employ in 
humming. Hence, the mouth is kept closed and the sound issues 
from the orifices of the nostrils. 

392. A reverberation of sound in the back part of the mouth 
and the cavities of the nose constitutes a distinguishing peculi- 
arity of many of the consonants. Thus, in pronouncing b and 
t), tJie lips are placed precisely in the same manner, and th» 



only difierenee between them is that b has tlia reverberation 
spoken of, but p has not If you pronounce these two lettera 
in the syllables ap and ab, for example, nhile you press on tlia 
noBtriU with your fingers, jou can feel the vibration occasioned 
by this reverberation in pronouncing b, but there ia obviously 
none in pronouncingjp. This reverberation is heard in the follow- 
ing alphabetical elements, B, D, G, V, Z (the sound of « in the 
word ae), Y, W, Th {as in thou), Zh {the sound of * in aeitre), 
Ng, L, M, N, R. Those which have not this reverberation are 
P, T, K, F, S (as heard in san), H, Wh (as heard in which), 
Th (as heard in tkinff), Sh (tlie sound of a in sure). That you 
mar contrast these two seta of alphabetical elements individually, 
I place them here in two rows. B is like P, except that it has 
ft reverberation, and so on through. 

B, D, G, V, Z, Y, W, Th, Zh, Ng, L, M, N, R. 

P, T, K, F- S, H, Wh, Th, Sh. 
393. In what is commonly called speaking through the nose 
the reverberation mentioned above is disagreeably ntroag. The 
popular idea of it is incorrect, for this fault occurs in those who 
have some obstruction to the fi'ee passes of the air through 
the nose. This obstruction acts like the pressing of the nostrils 
with the lingers, confining more or liiss tlie body of air con- 
tained in the nasal passagea. It is the vibration of this air thus 
partially confined in tortuous passages that produces the nasal 
twang. Any thing therefore which prevents the free outlet of tlia 
air from the nose will occasion it. Pressing the fingers on the 
nostrils while speaking, as already hinted, will produce it. A 
common example of it we have in what is called a oold in the 
head. The snufi'-taker has this twang, bscAuse by such const&nt 
Bttfflulation of the lining membrane it becomes thickened. 
Those who have this fault of " speaking through the nose," do 
not like others breathe ordinarily through the nose alone, but 
jOD see them sitting with their mouth constantly open, showing 
that there is so much obstruction in the nasal passages tliat 
they are not able to transmit sufficient air to the lungs. 

H04. 1 have thus far spoken of articulation as employed nt 
ordinary speech, that is with a vocal sound. But when no 
sound is produced by the ligaments of the laryni, as is the i»se 
in whispering, the noise produce"d by the passage of the air 
through the cavities of the vocal apparatus can be so articulated, 
u to be heard distinctly at a considerable distance. Persons, 
therefore, who have entirely lost the voice can converpe. Id 
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nhispering the vocal ligameDts are relaxed aa they are when m 
Hmply breathe. But the soaad of whispering has its high ah^ 
low notes like the vocal sound. The variation of note is caused 
bj variation of the size of the column of air contained in the 
Toc^ tube. This is effected chiefly by the tongue. In the high 
notes of whispering the tongue is nearer the roof of the mouth 
than in the low notes. The distinction between many of the 
letters as to reverberation noticed in § 392 holds in whispering 
M it does in ordinary vocal speech. 

395. You can observe the mechanism of the parts that it 
necessary for any one of the alphabetic elemeols, by prononn- 
cing some syllable which it ends, prolonging the sound of the 
letter in questiou. And in doing this you will readily see (he 
incorrectness of the common definition of consonants, via., that 
they are letters which cannot be sounded without the aid of i 
vowel. Take, for instance, the lettter m in the 'syllable ant. 
After getting an idea of the mechanism necessary for it by 
sounding it with a, you can readily sound it alone. It is proper 
to remark here, that in observing the distinctions between the 
alphabetical elements, you must bear in mind that the names 
which are ^ven to the letters in the alphabet do not represent 
their sounds. For example, H (aitch) and W (double-u) are 
nothing like the sound of these letters in Aave and vrave. 

396. Various attempts have been made to imitate the arlio- 
ulation of sounds by mechanism, but with very limited sucoeas. 
In 1779 a prize was offered by the Academy of Science at St. 
Petersburg, for the best dissertation on the theory oi vowel 
sounds, and it was awarded to O. R. Eratzanstein, an acconnt 
of whose experinienta was published in the Transactions of the 
Academy. He found that the sound of the four vowels, A, B, 
O and U, might be produced by blowing through a reed into 
tubes, the forms of which are represented in Figiu-es 142, 143, 
144 and 145, and that the sound of I, as ptononnced by the 
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French and other European nations can be produced by blowing 
'into the tube, Fi^, 146, by blowing at a without using tbe reed. 
U. Kempelen, of Vienna, tbe inventor of Maelzel's automaton 
chess-player, carried the imitAtion of the human voice etiW 
'fcrlher. He produced an instrument capable of uttering certaJa 
words and short phrases in Latin and French. But it is not 
known exactly bow he accomplished this, as he kept the matter 
cecret. A gentleman of Cambridge, England, investigated this 
BubJMt, and among other things found that by blowing through 
a reed into a conical cavity, the vowel sounds could be pro- 
duced by altering the size of the aperture for the passage of the 
wr irom the cavity, by means of a sliding board. I have alluded 
to these attempt^ t6 imitate the voice, to show by contrast 

tthe wonderful completeness and perfection of the vocal appa- 
kstOB. Kempelen's instrument, a box three feet long, could 
produce only a few words, but the instrument of the voice, 
eJthough it occupies ho little room in the body, can utter all 
words in all languages. 

3B7. We have now examined the whole of the vocal appa- 
ntus. You will observe that I have spoken of it as having two 
'parts, tbe larynx, which is the reed of the instrument, and the 
Tocal tube, which you have seen is quite complicated, for the 
purposes of articulation. Every action in both parts of the in- 
Btrument is produced by muscles. You have seen that thtj 
action of muscles is requisite to cause any, even the slightest, 
▼ariatjon of note. So it is with the articulating apparatus, as 
it may be called. Every alphabetical element, (and in our lan- 
guage Rush makes 35 in the vriiole,} requires a particular ad- 
justment of the articulating apparatus. This adjustment is 
effected by muscles that move the tongue, lips, palate, &o. As 
these muscles then perform such varied movements, to produce 
this varie^ of note and articulation, it is no wonder that they 
require such long and diligent training. The child begins this 
long conrsa of education the moment he utters an articulate 
■Bound. Observe him as he pronounces the syllable pa or ma, 
the first which children generally learn. He looks at his mother'n 
lip, and imitates the motion as well as he can. Cheered h^ 
his success, and by her approving smile, hf is constantly rcpeat- 
Sng these first lessons in pronnnciation to every one that comei* 
near him. Being as yet without skill in the use of these organs, 
he gives much more force than is necessary to the mechaEica'i 
motions of articulation. For example, in pronoundng the word 
pa, he closes his lips strongly, and not slightly as we do, and 
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when he opens it for the utterance of the word he does it v 
explosive force, at the same time quickly bowing his head, ina 
energy of his whole frame seems to be concentrated upon the 
effort. Day after day he strives to add Ia his stock of wordi, 
but his progress is slow ; and ns a sort of oompensation for ths 
leanness of liis stock bo, repeats those which he has learned, and 
BO of his own accord he says paps and mamma instead of uung 
the words of a single syllable. In this education of the orgimg 
of the voice the ear is the principal instruetor, but tlie eye, as 
yon see, is also of great assistance. The little pupil, on bearing 
a sound which he wishes to utter himself^ tries to imitate the 
motion which he sees is used in producing it, and he contioQes 
to try till his ear assures him that he has actnally mastered 
the sound. Soon he is able to utter two difterent artJculata 
sounds in succession ; and he goes on learning year after year, 
till at length he can command all the sounds of his native 
tongue. And I may remark that it is in childhood and youdi 
alone, that we can learn accurately and thoroughly the pronuo- 
ciation of a language that is at all difficult in this respect 
Hence a foreigner, however long he may live in a country, to 
which he 'goes in adult life, cannot wholly conceal his native 
accent. And we know how much such sounds as that of (A 
tronble the German and the Frenchman, unless they be^n to 
learn the English language early in life. 

398. If we observe different persons while speaking or sing- 
ing, we shall see that some manage the vocal apparatus, or play 
OH the vocal instrument, as we may expi-ess it, with more skih 
than others. Listen to two persons in conversation, the one 
modulating and articulating his voice with a gracefiil melody, 
the other having an utterance harsh and awkward ; and the 
contrast is as great as that between two instrumenla, one of 
which is well and the other badly played. In some you can al- 
most imagine thatyouhear the cre^ing of the machinery; while 
in others you do not once think of the mechanism of the voices 
but your ear feasts upon its richly modulated and gracefally 
articulated sounds. It is as true of the muscles of the ^ocal 
apparatus as of those of any otlier part of the body, that skill IP 
the management of them can be very much increased by mw- 
cise. The rope-dancer, by training his muscles, gives ibem a 
wonderful precision of action. The same ilung can be done 
with the muscles that regulate the modulation and arUculatioo 
of the voice. And in the most noted singers the little nnuel 
which move the "ocal ligaments and those which adjust J 
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parts of the vocal tube, must have a precision of action incom- 
parably more accurate and delicate than the large muscles in 
the limbs of the rope-dancer. If we compare the limited and 
bungling operations of the vocal apparatus in a little child just 
beginning to talk, with its infinitely varied but precise move- 
ments in a voluble speaker, or a skillful singer, we shall have 
some conception of the delicacy of motion, of which the muscles 
of this apparatus become capable by long continued exercise. 

399- There is a defective action of the muscles of the vocal 
apparatus, called stammering or stuttering, which I will just 
notice. It is an irregular spasmodic action of these muscles, very 
much like that which we see in the muscles of other parts of 
the body in the disease called St Vitus' dance. It is very much 
influenced by habit, and mental agitation aggravate^it. Shak- 
speare gives the following accurate description of it. " I would 
thou wouldst stammer, that thou mightest pour out of thy mouth, 
as wine comes out of a narrow mouthed bottle, either too much 
at once, or none at all." It is a singular and instructive fact, 
that many who stutter in ordinary conversation can read and 
sing as well as others. Dr. Good remarks that one of the worst 
stammerers he ever knew was one of the best readers of Paradise 
Lost that, he ever heard. Such facts suggest some valuable 
principles in the treatment of this difficulty, which can be more 
easily overcome than is commonly supposed. 

400. Not only is the ear the educator of the muscles of the 
voice, but the dependence upon the ear is entire. Th^ deaf and 
dumb therefore are in almost every case dumb because they 
are deaf. Their vocal organs are in a good condition, and the 
muscles are all there with their nervous connections. But the 
machinery does not work, for there is no guiding power to 
direct it. That this is the true view, is proved by those cases in 
which hearing has been restored, for such restoration is followed 
by that of the power of speech. Magendie relates an interest- 
ing case of this kind. It was the case of a young man deaf 
and dumb from birth, who had his hearing restored by M. Itard. 
He first heard the sound of the neighboring bells, which not 
only caused very lively emotions, but even headache and dizzi- 
ness. The next day he heard the sound of the small bell in 
Uie room, and shortly after he could hear the voice of persons 
speaking. His delight was then extreme, and he was so ab- 
sorbed in his new enjoyment that, says Professor Percy, " his 
eyes seemed to search tne words even on our lips." His voice 
was soon developed. The muscles of the vocal, organs, so long 
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inactive, began to wake up under the tuition of their instructor, 
the ear. Only vague sounds were formed at first, and, although 
after a while he could pronounce some words, he did it awi- 
wardly as children do when they are beginning to talk. He 
learned to talk very slowly. It would have been very interest- 
ing to have watched this case in its progress, but this was' pre- 
vented by a disease which proved fatal. 

401. Few cases occur like that which is related above, but 
there are many cases in which the dependence of speech upon 
hearing is proved in another way. I refer to those cases in 
which the loss of the power of speech is obviously the come- 
quence of the loss of the hearing. This is the case with children 
that become entirely deaf after they have made some progress 
in learning to talk. They cease to talk, and very soon forget 
tbe motions which they had learned to make in articulation. 
Sometimes some of these motions are remembered, and the 
individual can pronounce some words. But he does it very 
awkwardly, and the consciousness of this makes him very averse 
to trying it. A friend mentioned to me the case of a man who 
became deaf just after he had learned the alphabet. He re 
membered the mechanical eflfoil; necessary to produce each letter, 
but he had no control over the loudness or note of the voice, so 
that some of the letters he sounded very high, others low, some 
very loud, and others soft, making of course some laughable 
contrasts. It is undoubtedly possible to teach deaf and dumb 
persons to talk to some extent, if we begin early enough ; but 
the power of speech, after the most persevering training, must 
be awkwardly mechanical, and exceedingly limited. Accord 
ingly all such efforts have been very soon given up. 

402. The question has probably arisen in your minds as to 
what the difference is between the voice of speech and the voice 
of song. The common notions on this subject were very indefi- 
nite until recently. But Dr. Rush, in his admirable work on the 
voice, has developed the true principles in regard to it He 
has shown that we use the same notes in speech and song, and 
that the difference lies in the mode of using them. I will en- 
deavor to place before you the most prominent and materia! 
points in his view of this subject. 

403. If you pronounce the sound a as heard in day, you will 
observe that it ends in another sound, that of e. The voice in 
pronouncing it rises through the interval of a tone, the sound 
at the same time gradually diminishing. So of other letlai? 
Thus, a as sounded in awe^ ends or vanishes in e as Iteaid in m; 9 
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IB heard in old vanishes io oo ai heard in ooze; and ok as heard 
in mtr vanithea also in oo. The vanishing sounds are of course 
rather obscnre and feohle. The first sound he calls the " radical 
movement of the voice," and the subsequent diminishing sound 
its " vanishing movement" The rise of the voice during the van- 
ihhtng movement is not always through the interval of a tone, 
but it may be only a semitone, or it may be even through the 
interval of an octave. In singing the movement is very differ- 
ent We pass "quickly and faintly through the radical move- 
ment to dwell wiUk greater time and Inllness on a note or level 
line of sound at the extreme place of the vanish." Both in ■ 
song and speech there is also a downward as well as an upward 
movement ou the scale. The gliding of the voice on the scale, 
and its gradual vanish cannot be imitated on instruments. They 
may be iraitat<^d to some extent however on the riohn if the 
finger moves along the string while the bow is drawn. The 
(^^renoe between the voice of speech and song is thus repre- 
sented by Dr. Rush : 

VOICE OF BPBBOH. OF BONO. 






^i^ 



T 

Interval of a tone ; nt 2 
fth, and at 4 on that of 
an octave. 

404. I will notice very briefly the use of the vanishing move- 
ment in speech. In simple narrative the vanish never rises 
above the interval of a tone, aa at 1. Whenever it rises higher 
it is either for emphasis or interrogation. The vanish on the 
interval of a fifth, as at 3, is the most common mode of interro- 
gation. That of the octave, 4, is used when the question ia 
asked with great vehemence, or is accompanied with sneering, 
mirth, contempt, or raillery. Thus when the Jew in the Mw- 
chant of Venice asks. 

Hath 3 dag money? Is it pofsiblo 
A CUT can lend Igd thoDSSQil ducats 7 

there ia a rise through the interval of an octave on the words 
ear and doy. You observe that the rise is on the words which 
are emphasized. Thus we can make four entirely different 
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sentences of the question, do you ride to town to day ? accord- 
ing as we make the rise on you^ or Hde^ or town, or day. By 
the use of this rising vanish we can make a question of the 
most positive assertion, even of the blunt negative, no. 

405. The vanish on the interval of a semitone gives the voice 
a plaintive character, and it is therefore used for the expression 
of love, grief, supplication, &c. It is sometimes used so mudi 
as to give a general character of plaintiveness to one's whole 
conversation. As a very clear and striking illustration of the 
power of the semitone we will take the cry of fire. Divide tb* 
word into two syllables, fi-yer, and ascend the scale Uius : 




Fi-yep. Fi-yer Fi-yer. Fi-yer. 

The two places of the semitones, indicated by the braces, will 
give the cry of fire as we commonly hear it Sometimes we 
hear it cried in sport upon one note, and the sound is discordant 
and ludicrous. So also, the two words, " dear^"* sound like a 
mere mockery of grief, if uttered on one note, or any other 
interval than the semitone. 

406. Every one learns to talk, but there are many who do 
not learn to sing. !N^ow as the same notes are used in the two 
cases, what is the reason of the difference ? The reason is not 
in an absolute inability to appreciate the variations of note in 
sound, for these are practic^ly appreciated in the use of the 
vanishing rise in conversation. There are two reasons for the 
difference. One is this. As the transitions of the voice from 
one part of the scale to another are much more varied in song 
than in speech, and are made by leaps instead of slides, song 
requires greater skill than speech does in the action of the mus- 
cles. Another reason is, that speech is a necessity, and song 
is not. We learn to speak therefore as a matter of course, but 
singing is a mere accomplishment. If it were learned as uni- 
versally as speaking is, there would be nearly as much good 
singing as good speaking. We can realize the truth of this 
assertion, when we observe the results of very early training in 
singing. And we should realize it still more if sin^ng were 
universally considered, as it should be, as an essential part df 
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the education of children. And I may remiirk in tbis connec- 
tion, that all have some measure of musical bilent. though 
•ome it is exceedingly small in amount. The differeuce in thii 
respect in different persons is tha same as the difference in re- 
gard to any other talent, aa that of drawing for example. Skill 
It acquired in the same way in both ca^es, and its degree do 
pends to the same extent, and in the same manner upon natural 
endowment. 

407. Some persons pos«esa extraordinary powers in the use 
of tlie Focal organs. I refer to ventriloquism. This is a purely 
imitatire art, and is not to he attributed to any peculiar forma- 
tion of the parts in the individual who possesses the power. 
The ventriloquist must have the faculty of appreciating with 
great accuracy the almost infinite variety of tones, articulations, 
and inflections of the voice, and must be able to imitate them 
witli but little motion of those parts of the articulating apparatus 
which appear in view. He at the same time makes skillful use 
of those circumstances, which will favor the false impressions 
in the minds of his audience, in relation to the locality of the 
aource of the sounds. This b the simple explanation of this 
wonderful power. 
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CHAPTER XV. 



In the last chapter I treated of the production of sound by 
I ihe vocal apparatus. In tbis chapter I propose to show you 
I how the impression of sound is transmitted to the brain, in 
[ order to produce the sensation of hearing. 
[ 408. That you may the better understand the arrangement 
I of the apparatus of hearing, I will first notice some of tlia 
I principles that govern the transmission of sonorous vibrations. 
I Sound may bo produced by the vibration of any substance; 
though some are better fitted to produce it than others, and are 
I therefore called sonorous bodies. When the vibratJons which 
le Boond are equal, a muaieal sound results; but if thevnro 
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unequal, we have a discordant sound, or what we or^arily 
call a noise, Sound is transmitted from the point where it 
originates, in all directions. And its vibrations gradually les- 
sen, just as the ripples lessen which are produced by dropping 
a stone into the water. The vibrations of sound are reflected 
by objects against which they strike. For this reason the voice 
can be heard at a much greater distance if it be transmitted 
along a wall than when it is uttered in an open space. This 
may >e illustrated on Fig. 147. Let A B represent a wall, and 

no. 147. 




C the position of the ear. If the bell at D be rung, besidis 
the vibrations which come to the ear at C in the direct line 
C D, a vibration striking the wall at F will come to the ear in 
the line F C, and the same can be said of other points along 
the wall. An accumulation of vibrations, therefore, comes to 
the ear at C, which therefore receives a louder sound from the 
bell than it would if the bell were rung in a perfectly open 
space. For the same reason a speaker can be heard much more 
easily within walls than he can be in the open air. The sound 
is reflected, and, therefore, in some measure concentrated by the 
walls. In speaking tubes this reflection and concentration are 
carried to a still greater extent. Sound can in this way be 
heard at a great distance from its source. M. Biot fi^und that 
when he spoke in a whisper at one end of a tube, over three 
thousand feet in length, he was distinctly heard at the other 
end ; so entirely do the walls of the tube prevent the diffusion 
of the vibration in the air around. Speaking tubes are there- 
fore used to a great extent in large manufactories, where direc- 
tions need to be given continually to workmen in diflferent parts 
of the establishment. The flexible tube, now so commonly 
made use of by deaf persons, furnishes another illustration. 
The vibrations of the voice received by the trumpet -shaped end 
are transmitted through the tube to the ear. 



409. Sound m&j be transmitted through &ay substance, 
whether it he solid, liquid, or gaseous. It cannot he trans- 

' mitted through a vacuum, for there is nothing there to vibrato. 
Sound differs in this respect from light, which passes as readilj 
through a vacuum as it does through any transparent suhatacce. 
The fact that sound cannot be transmitted through a vacuum 
la often illustrated by an experiment with the air-pump. If a 
bell be put uuder the receiver, and be set to ringing, hk Llie air 
is eidiuusted by the pimip, the sound becomos more and mora 
faint, and at length it is not heard al>a!]. For the same reoaon, 
a pistol 6red on the summit of a mountain, gives nothing like 
80 loud a report as when it is fired in the valley below. Tho 
more solid the niedinm is for the transmission of Bound, the 
more readily is it transmitted. The scratching of a pia at tho 
end of a long log may be heard by the ear applied to the other 
end, although it cannot he heard through the air, at even the 
distAnce of a few feet. Savages are in the habit of putting 
the ear to the ground to hear the steji of their enemies when 
they apprehend their approach. A deaf gentleman, resting 
the bowl of his pipe on hjs daughter's piano-forte as he smoked, 
found that he could hear the music wiui great distinctness ; and 
many deaf persons can hear conversation, by holding a stick 
between their teeth, while the other end rests against the teeth 
of the person speaking. A knowledge of the ready transmis- 
eion of sound through solids suggested the examination of the 
chest ui disease by the ear. If the ear be applied to the chest, 
the various sounds produced by the air, as it passes through 
the bronchial tubes into the air cells, cari be heard through tne 
solid walls of the chest, and thus the state of the lungs can be 
discovered. Water is a much better conductor of sonorous 
vibration than air, though it is not as good an one as a solid 
substance. The force of the vibration is lessened more gradu- 
ally in water tlian in air, and its rate of progress in watnr is, 
according to Chlodni, 4,900 feet in a second, or between four 
and five times as great as in air. 

410. Sonorous vibration docs not pass readily from one 
medium to another. Thus, although the scratch on the log is 
heard so easily by the ear at the other end, if the ear be 
teraoved a little from the log, it does not hear the sound, 
because the vibration is so much lessened in passing from the 
■olid wood to the air. It is clear that the more unlike the two 
substances are, when sound passes from one Ja the other, the 
more will th^ vibration be lessened; for tho more unlike they 
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are, the less easily will the one take the vibration from tho 
other. For this reason, a sonorous vibration, produced in a 
solid body, may be transmitted to water with much less loss of 
intensity or force, than occurs when it is transmitted to air. 
And it may be remarked in this connection, that when vibra- 
tions are transmitted to a fluid, from air or from a solid, the 
intervention of a membrane is of essential service, for it pre- 
sents a firm surface upon which the vibrations can be received. 

411. The principles which I have thus noticed will be seen 
to apply to the arrangement of the apparatus of hearing, as 
we proceed in the examination of it. It has various parts for 
the different portions of the process which we call hearing. I 
will premise a mere general description of this process, l^fore 
entering upon the examination of the apparatus in detail. The 
vibrations of sound, passing into the ear by a tube, strike at 
the bottom of that tube upon a drum. The air can go no fai- 
ther, for this drum is perfectly air-tight. It communicates its 
vibrations, however, to the drum, which transmits them to a 
chain of four little bones, the last of which transmits them to 
another drum, covering an opening into various winding pas- 
sages in solid bone. In these passages is contained a limpid 
fluid, which is put in motion by the vibrations of the drum last 
mentioned. So much for the mere mechanical part of the pro- 
cess. In the winding passages are spread out the minute fibres 
of the nerve of hearing. The vibrations of the liquid in these 
halls of audience, as we may call them, make an impression 
upon these nerves, which is communicated to the brain through 
the trunk of the nerve, and this completes the whole process 
necessary to the production of the sensation of hearing. 

412. The parts of the apparatus of hearing may be seen in 
Fig. 148. The internal portions are made rather larger than 
natural, in order that the arrangement may be more clear. At 
a 6 c is the external ear; at d is the entrance to the tube of 
the ear/; ^ is the drum of the ear at the end of this tube, 
called the membraHe of the tympanum ; km the cavity of the 
tympanum, the chain of bones which it contains being left out, 
so that the plan of the apparatus may be more clear to you; 
k is the Eustachian tube, which makes a communication be- 
tween the back of the throat and the cavity of the tympanum ; 
» is a part of the winding passages, shaped like a snaiPs shell, 
and is therefore called the cochlea; at m are three other wind- 
ing passages, called, from their form, semi-circular canals; and 
at / is the vesiibtlle^ or common hall of entrance to all these 




winding poisagtis. Id the ca\'ity of the tj'mpanum, on the siile 
oppoate to the drum of the ear, you see two holes. These 
cpen into the winding pnasagea, the larger one into their vesti- 
bnle or entrance halL Both of these holes are covered by a 
membrane, and to the membrane of the larger one is attached 
the last of the chain of bones. At o is the trunk of the nen'e 
of hearing, and at e e is the bone that incloses these parts, 
which is so hard that it is called the pelriras, or rock-like bone. 

Having given you this general view of the apparatus, I shall 
DOW speak of each part more particularly. 

413, The object of the external ear is to collect tbe waves of 
eound, and direct them int« the tube of the ear. There have 
been many speu illations in regard to the use of the prominencua 
and ridgos of thi? external ear, but they are fancifiil and ground- 
leas ', and its surface is thus diversified, probably for the sake 
of making this oi^n a comely one. If the object were to fflve 
it tbe beat shape and arrangement for collecting the vibrations 
of sound, it would have had a different gbape altogether, uai 
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would have been arranged with muscles which could turn it in 
different directions, as is the case with many animals. The 
shape of the external ear is much better in many animals than 
it is in man, if we consider its object to be merely the collec- 
tion of the waves of sound. The endowment is in this case, as 
well as in every other, according to the necessities of the case. 
The bat is guided so much in its inovements by the sense of 
hearing, that it has of necessity very large ears, and they are 
so shaped as to collect, in the best possible manner, the vibra- 
tions of the air. With proportionably large, and similarly shaped 
ears, man cguld hear much better than he now does, but he has 
no need of such ugly appendages. In regard to the motions 
of the ears in animals, it is worthy of remark, that animals of 
prey can turn their ears forward with the most &cility, while 
timorous animals turn their ears backward to keep warned of 
danger. 

414. The tube of the ear is about an inch long in the adult 
It is formed of cartilage like the external ear, and ends at the 
drum. At its entrance are hairs which afford some protection . 
against intruders. But the chief protection is the Intter wax, 
which is secreted by little glands, situated in the skin of the 
tube. The odor from this secretion so effectually keeps out the 
insects from this open entrance, that it is quite a rare occurrence 
to have an insect get into the ear. And when one does get in, 
the wax envelopes him, and commonly soon destroys him. 

415. The drum of the ear, which makes the closed end of 
the tube above described, as seen at ^, Fig. 148, is very thin 
and transparent. On the other side of it is the cavity, of the 
tympanum h. In this cavity are the four bones. These are 
represented in Fig. 149, enlarged 
so that you can see their shape ^^' ^^* 
distinctly. They are named from ^ 
their shapes. They are the mal- 
leus or hammer m; the incus 
or anvil i; the os orbiculare, or 
round bone o, the smallest bone 
in the body; and the stapes or 
stirrup-bone. The long handle 
of the hammer h is fastened to 

the middle of the drum of the ear. The little round bone n 
fixed between the slender end of the anvil, and the top of the 
8tirrup-bone< In Fig. 150 you have a representation of these 
bones, together with the drum of the ear. While the end of 
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tiie handle of the hammer is fastened to ^^' ^^ 

the middle of the drum, the base of the 
stirrup is fastened to another drum, cover- 
ing the hole or window, opening into the 
vestibule of the winding passages. There 
are three very delicate muscles which move 
these bones. One of them relai^s the 
drum of the ear, and another makes it ^„„^, ^„ ,«««. ,:.4« 

, ', ^11 • X • X DRUM OF THE KAB 

more tense ; and thus the drum is put mto ^.^ ^^ ^^^ 

the right states of tension, to accommodate 
it to the various kinds of vibration that come to it. This is a 
matter of some importance, for it is plain that while a relaxed 
drum can vibrate properly to grave sounds that enter the ear, 
it must be tense, in order to respond properly to the vibrations 
of the sAt in the higher notes. 

416. The cavity of the tympanum (h Fig. 148) in which the 
little bones are, and which is beyond the drum, communicates 
with the mouth by the Eustachian tube k. If you shut your 
mouth, and close the nostrils with the fingers, and then perform 
the action of blowing, you will feel the air enter the Eustachian 
tubes, and fill the cavity of the tympanum. The chief object 
of this communication is to have air oh the inside as well as 
the outside of the drum, so that it may vibrate freely. The 
cavity of the tympanum might indeed have been a closed 
cavity, containing air. But it would then have been very much 
like a common drum, with the hole in its side closed. This 
would very much impair the vibration. 

417. We now come to another part of the apparatus of 
hearing — the winding passages. These are inclosed, as I have 
already stated, in the most solid bone in the body. They are 
called together, very appropriately, the labyrinth^ sometimes 
the internal ear. This is really the essential part of the appara- 
tus. Here are the true halls of audience, where the nerve is 
posted, which receives the messages from without, and trans- 
mits them to the brain. The drum of the ear and the chain of 
little bones may be destroyed, and yet, if these winding pas- 
sages remain entire, with the membranes over the two windows 
that open into them, the hearing will not be lost ; though it 
will be less perfect than it is when the whole of the apparatus 
is there, and in good order. Sir Astley Cooper relates the case 
of a gentleman, who lost the drums of both ears by disease. 
By shutting his mouth, he could blow the air out through his 
ears, with such force as to make a whisthng noise, and to move 

^ 24 
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llie htac that hung from his temples. Yet he was not onty iUa 
to hour with ease all commoD conversation, but he had a nice 
•tppreciatioD of rausical Bounds. Sir Astley says that " he 
played well on tha flute, and had frequently borne a part Ja a 
ooQoert; and he aung with much taste, and perTtictly in tune." 
418. The labyrinth is represented much magnified in Fig. 
151. The middle part of it, «, is the vestibule. From this go 
out the lemi-circalar caAr/.i, 
«, y, «, on the upper side, and 
on the lower the winding pas- 
sages of the cochlea, A. At o 
you see the opening called the 
fenestra ovaUi, or oval win- 
dow. This is covered by a 
membrane, on which presses 
the base of the stirrup-bone, 
You. see another opening r, 
whiiih is called the fenestra 
rotunda, or round window, 
This is covered with a mem- 
brane. Both of these open- 
ings you see iu Fig. 148, in 
the cavity of the tympanum, 
opposite lo the drum of the 
ear. In these winding pas- 
sages is ft watery fluid, the vibrations of which, acting upon 
the branches of the nerve distributed there, cause the sensation 
of hearing. Of course, if either of the membranes covering the 
openings into these passages be destroyed or broken, the fluid 
will run out from the ear, and there can be no more hearing, 
although the rrat of the apparatus is perfect The drum wDl 
continue to vibrate as sounds atrike upon it, tlie little chain of 
bones will repeat the vibration, but it will stop at the end of ■ 
the chain, the atirrup-like bone. 9o too, although the mem- 
branes may be entire, and the whole apparatus may be perfwt 
B» a piece of mechanism, so that the succession of vibrations 
frora the air without through the drum and the chain of bones, 
to the fluid of the labyrinth, is uninterrupted, if the norva of 
heariug be paralyzed, so that it cannot be impressed with tha 
vibration of the fluid that bathes its branches, tliere can be no 
hearing. Partial deafness is undoubtedly often owing to ft 
thickening of the fluid in these passages, or to a partial &iliiM 
of the nerve distributed in then* 




419. It will be proper to say a word licro in relation to the 
cboice of a fluid, instead of a solid or an aeriform substance, as 
the inediam through which the impression of the vibration of 
Bound ia communicated to the nerve. It is better than a solid 
would be, so ftir as we can see, because no arrangement of a 
vibrating solid with the minute fibres of the branches of the 
oerve tould be efiectual, and at tbe same time so little liable 
to derangement., as tbe arrangement of nervous fibres immersed 
in a liquid, and the whole inclosed in soUd walls of bone. It 
is better than air would be, for at least two reasons. 1st. The 
vibra^ons of sound, as stated in § 409, are communicated with 
much more ease aud rapidity through water than through air. 
This we see to be a consideration of some importance, when we 
look at the complicated and winding passages that contain the 
fluid, id. There is not as much loss in the force of the vibra- 
tion In the transmission from tbe solid stirrap-bona through the 
membrane to the fluid, as there would be if the transmission 

420. The whole arrangement in regard to material we can 
•ee to he admirable, if examined in relation to the known prin- 
ciples of tbe transmission of sound. We can see the object of 
the chain of bones. If these were left out of the arrangement 
we could hear, but not so well as we do now. For it has been 
ascertained by eiiperiment, that tbe transmission is much more 
perfect when the vibration passes, as in tbe case of tbe ear, 
through a tense membrane, then through a chain of soUd sub- 
stances, and from them tbrougli a second membrane to tbe 
fluid, than it is when the chain of solid bodies is omitted, and 
air is made to take their place. A.nd when the vibration has 
arrived at the fluid in the labyrinth, there is a contrivance there 
for increasing its intensity. There are two little cbiilky con- 
cretions suspended in this fluid by nervous fibres. These are 
ibund in all mammalia, and in fishes they are quite large and 
hard. This being the case, it wis inferred that these bodies 
liave some important influence upon the transmission; and it 
has been found by experiment that hard bodies thus situated 
ia a Quid increase the sonorous vibrations in their neighborhood, 

421. Yon will remember that there are two openings into 
the labyrinth, from the cavity of the tympanum. Both are 
co»-ered by membranes, one of which is pressed upon by the 
itilTUp-bone, while tbe otber is free. It was formerly supposed 
that tbe second opening was absolutely essentia! to tbe vibra- 
tion of the fluid in the labyrinth. For, as fluids are iucom- 
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pressible, it was inferred that, as the stimip-bone communi- 
cated its vibration to the membrane of the fenestra aualis, the 
fluid in the labyrinth would not vibrate, unless there was another 
opening some where, the membrane of which would yield to 
pressure. This, however, has been ascertained to be not strictly 
true. It has been proved by experiment that a sonorous vibra- 
tion can be transmitted through a confined fluid. Indeed there 
are some animals in which there is only one opening into the 
labyrinth. But, although this second opening is not essential to 
the vibration of the liquid, it undoubtedly makes that vibration 
more peifect. Although the second opening is so near the 
first, as seen in the cavity of the tympanum, (Fig. 148) yet in 
relation to the arrangement of the winding passages of the 
labyrinth, as you will soon see, it is really quite at the other 
end of it. The vibration then may be considered as conmiuni- 
cated through a long tube, which has a membrane at both 
ends. And it is obvious that a vibration communicated to the 
membrane at one end, will more readily move the fluid through- 
out all the tube, from the yielding of the membrane at the 
other end. This will be more obvious, as I describe more par- 
ticularly the arrangement of the passages in the labyrinth, 
which I will now do. 

422. To recur to Fig. 151, the vestibule v, into which the 
fenestra ovalis o opens, is, as before stated, a sort of conmion 
entrance hall to all the passages of the labyrinth. I have 
spoken of the semi-circular canals- a?, y, and sr, that lead out 
from this. These are simple canals. But the passages of the 
cochlea^ k, are very complicated, and it is this fact that has 
given the name of labyrinth to the whole of the internal ear. 
The vestibule opens into the cochlea at its base. Now, the 
cochlea is so divided, that the passage into which the vestibule 
opens, runs around the pillar in the middle of it to its top, 
making just two turns and a half It there opens into another 
passage, which makes two turns and a half back to the base of 
the cochlea. This passage does not end in the vestibule where 
the other began, but it ends in the round hole r, which opens 
into the cavity of the tympanum. This disposition of the 
parts of the cochlea may be seen in Fig. 152, which represents 
it as opened to show the arrangement of the walls of ike two 
winding galleries. The pillar in the middle, around which 
these dividing walls are fastened, expands in the top into what 
is called a cupola, where the two spiral galleries communicate 
together.* With this description, you can understand in what 
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THE COCHLEA OPBHBD, 

ditictioiiB the vibration ta transmitted, when it is received from 
the BtiiTup-bone, at the door of tlie labyrinth, hy the membrane 
whioh covers it. It travels one way up the fluid in the three 
wmi-circular canals. It travels another way through one fip 
gallery in the cochlea to the cupola, Hud then down tJie other 
spiral gallery, reaching at length the membrane of Ihe/eueslra 
rotunda, or round window. 

423. I will now describe to yon the arrangement of the 
branches of the nerve of bearing in theae paasages. The ar- 
rangement is diSerent in the vestibule and the semi-drcular 
canals from what it is in the cochlea. In all the cavities of the 
lAbyrinth, there is a thin, delicate lining of membrane, wbicb 
Becretes a watery finid. In the vestibule and semi-circular 
cauals, there is a second membrane. This is separate from the 
first membrane, and lies loose in the aivitics. ft makes a close 
sac, and as it extends from the vestibule into the semi-circular 
canals, it is very irregular in its form. This sac contains a Huid, 
and the fluid secreted from the membrane which lines the bone 
bathes the outside of the sac Now, it is on the delicate mem- 
brane which forma this sac, that the fibres of the nerve are 
distributed, so lliat they may receive the impression of the 
vibration of the fluid. lu Fig. 153, is a represontalJon of this 
sac, with the distribution of the nerve. Al 1, 3, and 3, you 
■ee the parts of tLis sac which line tlie sl' mi -circular canals. 
At 4 is a junction of two of theee canals, for what purpose we 
knovr not. At 6, 0, 10, and 11, are seeii the lermmations of 
faranchea of the nerve. At 8 and 13 are two of thesif branches 
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snd at 14 is the bmach of the nerve which goes to be d 
iited in the cochlea. In Fig. 154 is represented one 




at 10 in Fig. 153, much more 
highly magnified. You see tlie loop-like l.ermiiiatioD of tho 
nervous fibrila. You can readily nee that every vibration of 
the fluid nould make an imprceaion upoa these nervous fibrila 
thus distributed upon this delicate membrane, which has the 
£uid upon both sides of it. 

424. The distribution of the nerve is after a different man- 
r in the cochlea. Here there is no loose membrane, with the 
nerve distributed upon it, and the fluid each side of it, as in 
the vestibule and the aemi-circulur canals. But the nerve is 
distributed upon the division wall of the galleries ,in a very 
ueautiful manner. This is represented in Fig. 155, in which 2 




the nerve, and 3, 3, 3, show its distribution. These Gbrili 
lie in little channels in a lamina, or leaf of solid bone. But the 
bone extends only to 4, 4, and the remainder of the division 
w«ll is made of membrane, represented at 5, 5, 5. Ac 7 is the 
ot>ening in the cupola, by which the two spiral galleries com- 
municate. At 1 you have tliese parts of the natural size. We 
know not exactly how this mechanism works, but the proba- 
.bility is, that the nerve receives impressions from the vibjatlons 
of the fluid in two ways — directly from the fluid itself, and also 
Irom the vibration of the membrane to which the extremities 
if the nerve are attached, this membrane being shaken of 
urae by the vibrating fluid. 

425. Having thus described the parts of the organ of henr- 
log. I will trace for you, with some pardcu'arity, the steps of 
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the process of heariDg, as it must occur in the case of every 
sound that produces that sensation. The vibrating air enten 
the tube of the ear, and, reaching the drum, produces a vibra- 
tion there. This vibration is communicated to the chain of 
bones, which, as Dr. Paley very aptly says, like a repeating 
line of frigates pass it on. It is transmitted from the last cl 
this chain of bones, the stirrup-bone, to the membrane covering 
the fenestra ovalis, and from this to the fluid contained in all 
the passages of the labyrinth. The vibration goes through sU 
the semi-circular Ct'inals in one direction, and in another up one 
gallery of the cochlea, and down the oUier. In all these cavi- 
ties, are spread out in various ways, the filaments of the nerfo . 
which receive the impression of the vibration. This impression 
is transmitted from the extremities of the nerve, through its 
trunk, to the brain, where the mind receives it All this to- 
gether constitutes hearing ; and all of it occurs in the case of 
any sound which we hear, however closely it may follow any 
other sound. 

426. Most of our hearing is done precisely in the way 
described, but not all. We sometimes hear directly throng 
the bone surrounding the labyrinth. If you place a watch 
between the teeth, you hear the ticking ; and it gives a veiy 
different sound from what it does when held to the ear, be- 
cause the sonorous vibration is transmitted directly through 
the solid bones of the skull from the teeth. In the same way 
was the sound transmitted in the case of the deaf old gentle 
man, (§ 409) who heard his daughter's music through the 
stem of his pipe, as he rested the bowl of it on the piano. 
The fact thus illustrated is often made use of by physicians, in 
detecting the nature of the difficulty in cases of deafness. Thus, 
if a watch held between the teeth communicate a very distinct 
and loud sound to the ear, we infer that the internal ear is in a 
good condition, and that the difficulty is in some of the other 
parts connected with it, the drum, or the cavity of the tym- 
panum, or the Eustachian tube. 

427. I have described the apparatus of hearing as we find it 
m man. Biit it varies in different animals, according to the 
circumstances iu which they are placed, and their necessities. 
Animals that live in water of course have a different' appa- 
ratus of hearing from those that live in air. In most fishes the 
semi-circular canals exist, but there is nothing like a cochlea. 
As sounds are transmitted so easily through water, (§ 410,) 
fishes have no need of so complicated and perfect an apparatoi 
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as animals that live in air. They are fitted to hear in their own 
element, and prohably the moment that a fish is taken out of 
the water he becomes quite deaf, because his hearing apparatus 
is so poorly fitted to receive and transmit vibrations from the 
air. But in many animals that live in air the ear differs from 
that of man in its arrangements. The cochlea in birds is nearly 
straight instead of being spiral. Such facts lead to the infer- 
ence, that the peculiar arrangements in the hearing apparatus 
of man have regard, not merely to the medium in which he is 
placed, but to pecuhar uses which are necessary in his case, as 
the determination of the direction of sound, the appreciation 
of its pitch and its character, the power of hearing very slight 
sounds, &c. The simplest form of apparatus found in animals, 
is a cavity excavated in bone, with a fluid shut in it by a mem- 
brane, and nervous filaments distributed so as to be impressed 
by the vibrations of the fluid. And this is all that is absolutely 
essential to hearing. 

428. Many speculations have been broached in regard to the 
special offices of particular parts of the labyrinth. Thus, it has 
been supposed that the semi-circular canals have an agency in 
informing us of the direction of sounds ; for it is observed that 
they are always arranged in the same relative angle to each 
other. It has been supposed also, that the cochlea gives us the 
idea of the note of sounds, because it is noticed that the devel- 
opment of this part in different animals is in proportion to the 
variety.of note which they produce. These suppositions, though 
quite probable, require farther investigation in comparative anat- 
omy to test their truth. 

429. In the process that makes up the sensation of heanng, 
there is one part which we can in some measure understand, 
and to which we can apply the known principles which govern 
the transmission of sonorous vibrations. But there is another 
part, that which links the process to the immaterial mind, that 
we cannot understand. We' can trace the vibration received 
from the air through the several parts to the fluid in the laby- 
rinth, but here we come to a stand in our knowledge. Tho 
vibration stops here, and what is transmitted through the nerve 
to the mind we know not. We call it an impression ; but this 
is only an indefinite word, implying simply that something is 
transmitted, without defining what it is. Neither do we know 
how the transmission is made. All that we do know is, that 
the nerve is essential to the completion of the sensation of hear- 
ing, and that it spreads out its minute fibrils or tubnli in the 
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halls of audience, in order to receive impressions from the vi- 
brations that come there, and transmit them to ^he brain whero 
the mind takes cognizance of them. Every part of the appa- 
ratus may be mechanically perfect, so that the vibrations 
may be transmitted to the nuid which bathes the nervous 
fibrils, but if the nerve be paralyzed, or if the communication 
between its extreme fibrils and tie brain be in any way illte^ 
rupted, the mind knows nothing of the vibration, and there is 
no hearing. 

430. T^e eye has generally been spoken of as being more 
wonderful than any other organ in the body, in view alike of 
the delicacy, the beauty, and the complication of its structora. 
But the apparatus of hearing presents a combination of these 
qualities quite as wonderful. There is nothing more delicate, 
and beautiful, and complicated than the arrangement of the 
nervous fibrils in the winding labyrinthic passages of the halls 
of audience. And as we trace the steps of the process ot 
hearing, from the drum of the ear where tlie sound strikes, to 
the gray substance of the brain where the mind receives the 
impression, and think of each sound as sending a vibration 
through membranes and a chain of bones to the fluid in which 
the nervous fibrils are immersed, and of these fibrils as catching 
from every vibration of the fluid a definite impression and 
transmitting it to the mind, we see a mingling of the purely 
mechanical with the spiritual, which greatly enhances our ad- 
miration of the mechanism. Though the apparatus is compli- 
cated, the mechanical result is a simple one — it is a mere 
trembling of a fluid inclosed in winding cavities of bone. But 
simple as the result is, it is made, through the beautiftd nervous 
connections of the ear with the brain, one of the chief inlets of 
knowledge to the mind, coming to it from nature's multitudinous 
voices, and is a constant medium of communication for thought 
and feeling between man and man. Thus intimately in the 
human body are the simplest mechanical results connected ^ith 
the complicated and diversified operations of the mind. In the 
process of hearing the drum of the ear is to be considered one 
end of the apparatus, and the gray portion of the brsun the, 
other. The drum simply vibrates; and instantaneously the 
mind receives a distinct impression from the vesicles of the gray 
matter. And thus is the communication established between 
the immaterial mind, and the vibrations of the materi&l sob 
stances with which it is surrounded. 
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CHAPTER XVI. 

THE EYE. 

431. The sensation of sight is the result of a compound 
process, which may be divided into two distinct parts, as I re- 
marked in relation to the sensation of hearing, in § 429. The 
one part is purely mechanical, and the apparatus for it is con- 
structed according to the common principles, which we find 
illustrated in optical instrimients. The object of its arrange- 
ments is to form distinct images of objects in the back part of 
the eye. The other part of the process is executed by the nerve 
of vision, called the optic nerve. This nerve, expanded upon 
the membrane where the images are formed, transmits impres- 
sions from these images to the brain, just as the nerve of hearing 
transmits to the brain the impressions which come from the 
vibration of the fluid of the labyrinth. 

Before proceeding to an examination of the eye as an optical 
instrument, I will call your attention to certain principles, which 
we shall find illustrated more beautifully and perfectly in the 
eye than in any optical instrument which man has ever con- 
structed. 

432. The rays of light coming from any luminous point go 
in straight lines in all directions, just as the vibrations of sound 
do, and, like them, become less intense the farther they are 
diffused. But they move in straight lines only so long as they 
remiain in the same medium. When they pass from one me- 
dium into another they are bent out of their straight course, 
or re/ractedy as it is termed, unless they pass from one to the 
other in lines perpendicular to the 

sur&ce of the medium which they fig. 156. 

enter. This may be illustrated by 
the following experiment. Place 
a coin, a, in me bottom of a basin, 
as represented in Fig. 156, and then 
withdraw from it so far that the 
coin may be hidden from your eye 
by the edse of the basin, as repre- 
sented in me figure. Keeping your 
eye fixed in that position, pour some 
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water into the basin up to the level, c. The coin will again 
become visible to your eye. The reason is, that the rays of 
light, as they come from the water into the rarer medium, the 
air, are refracted or bent downwards, that is from the perpen- 
dicular. The eflfect of this may be seen in the figure. A ray 
of light, coming from the coin in the direction a, rf, does not 
pass to fl?, but is bent downward, and so passes to the eye at 
e. And so of other rays coming from the object. The coin, 
therefore, is seen by the eye at ^, but it is not seen in its true 
direction from the eye which is in the line c, c, a. The only point 
in which the eye can see the coin in its true position is when 
the eye is at 6, in a perpendicular line directly over it. A ray 
that passes from one medium to another in a line perpendicular 
to the surface of the medium into which it passes is not bent 
out of its course. All other rays are, and the more so the 
farther they are from the perpendicular. 

433. While rays that pass from a dense medium into a 
rarer, as from water into air, are bent from the perpendicular, 
those on the other hand, which pass from a rarer medium into 
a denser, as from air into water, are bent towards the perpendic- 
ular. Thus if in Fig. 156 a be the position of the eye of a 
fish, and where the eye is, at ^, there be an insect, the fish can 
see it, because the ray that strikes the surface of the water, tf, 
is refracted or bent towards the perpendicular line, 6, a. And 
so of other rays. He does not see the insect, however, in its 
true direction, a, c, e, but it appeal's to him to be at d. For we 
always judge of the place of an object by the direction in 
which the rays from it strike the eye. 

434. When light passes from one medium into another which 
presents a convex or concave surface, instead of a flat one, a 
very great change is produced in the direction of its rays. 
Thus suppose, as represented in Fig. 157, three diverging rays 
coming from a point, a, through the air, enter a convex surfiace 
of glass, 6, b'. The central ray a, c enters the glass in a direc- 
tion perpendicular to its surface, and therefore does not bend 
from its course. But the ray a, d enters very obliquely, and is 
bent towards the perpendicular at that point, c, and piasses on 
in the direction /. So likewise the ray, a, ^, is bent towards 
the perpendicular A, and passes on in the line i. These rays 
diverging in the air have become converging in the glass, and 
the point at which they meet is called the /ocw«. To this point 
all the other rays entering the convex glass converge also. 

435. But if the surface of the glass be WMMve^ as repreieiited 
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in Fig. 158, the diverging raya which enter it will be made jo 
diverge still more. The ray, a, e, heing perpendicular to the sur- 
face ia unchanged in its course ; but the ray, a,d,a bent towards 
the perpendicular, e, into the line/ and the ray, a,^, is bent to- 
wards tiia perpendicular A into the line t. In iJie case of both 




th« concave and the convex lena, the greater the curvature, the 
greater is the change of direction in tie rays. The greater the 
curvature, therefore, llie Eooner are the rays brought to a focus 
in the case of the convex lens. 

There are other optical principles illustrated in the apparatus 
of vision, that will be brought out in the description of the 
eye, "rfhich I will now proceed to give. 

436. The arrangement of the different parts of the eye yoo 
can nnderstand by Fig. 159, which is a mere map of a Keotion 
of the eye, through its middle part from front lo rear. It is 
intended merely lo represent tlie arrangement of the parts dis- 
tinctly, without strict regard to proportion. The eye has three 
2fi 




eoala, as tbej are called. At a is tLe thick strong white cwi, 
called the sderotie coat, from a Greek word meaning hari. 
This, which is comfflonly called the white of the eye, gives to 
the ej'eball its firmness. Into it the cornea, e, fits, like a watch- 
glass into ibt case. The sclerotic and cornea then make one coat 
of the eye, the outer one. Next comes the choroid coat, 6. This 
is a very vascular coat, containiBg the minute branches of blood 
vessels which nourish other parts of the eye. It is of a dark 
color, for reasons which I will state in another placo. Its coIot 
is owing to coloring matter contained in pigment cells, whioh 
lie along on the inner surface of this coat, next to the inner 
Coat of the eye, the retma, e. The retina is a thin membrane, 
being principally composed of the expansion of the optic nerv^ 
d. The eye has three humors, as they are termed. The firet 
is the agaeoui or watery humor,/) which is in a. charob«T be- 
tween the transparent cornea, e, and the crystalline humor, 01 
lens, ft. This chamber is divided into two paits by the iris, j, 
g, the pupil being the circular communicating door between 
them. The part of the chamber which is in front of tihe irii 
is much larger than that which v, behind it. The crystalline 
humor, or lens, as it is more often called, has the consistency 
of half dissolved glue. At i is the vitreoiu humor, tilling np 
a large part of tlie cavity of the eye. It is called vitreous &OI0 
its glassy appearance. It is a clear, jelly-like substance, hanu' 
about the tenacity of white of egg. It is contain^ in t,n!m 



reedingly thin and delicate aac, and this is divided into oella 
which contain the liquid. 

437. Fig. 160 ia a map of the front part of the eye, in which 
the parts are more minutely delineated tiian in Fig 150. At 2 
is the sclerotic coat; 3, the cor' 

nea; 6, the crysUlline lena ; a, a, no. iw. 

a, the aqueous humor; 7, 7, the 
iria; 4, tiie choroid coat; 8, the 
retina; c, c, the ritreous humor, 
and 9, the sac containing it. 
Around the inside of the cham- 
ber containing the aqueous hu- 
mor is a very thin membrane, 
(repreaentetl as you see by a line,) 
which secretes the humor. In 
this membrane, as in the case of 
every other closed sac in the body, 
there are both exhalents and ab- 
■orbenta, so that the fluid may be 
changed aa necessity requires. 
There is another thin TOcmbrane 
of the eye which I have not yet 
described. It ia represented by a 
line, 1, in the figure. It is the 
conjunctiva, bo called because it 
unitea or conjoin* the ball of the 
eve with the eyelids. It covers 

the cornea, passes back a little way on the white of the eye, 
and then turns forward to line the eyelid, It is the seat of the 
moHt common form of inflammation in the eye. It is very vas- 
cular, as is shown by its distended vessels when it ia inflamed. 
It is exceedingly sensitive, and hence the great pain which is 
occasioned by any thing, even the smallest mole, that gets into 
the eye. The object of having it so sensitive I have spoken 
of in the Chapter on the Nervous Systein, § 242, 

438, At 6 in Fig. IfiO, is one of the ciliary processes, as they ' 
are caltod, from their resemblance to the eyelashes. Tliere is a 
circular row of thern, numbering from sixty to eighty, so ar 
ranged as to resemble the disk of a radiated flower. In Fig. 
]61 they are represented as ihey appear in looking nt them 
from behind, the back part of the eye being removed. At 1 
Is Mas divided edge of the three coats ; 2. the pupil ; 8, the iris; 
4, the ciliary proeesses. At 6 is the antfrior edge of the retina. 
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whicb stops at tbe beginning of these procwses, presenting, m 
you see, a Hcalloped appearance. The processes, howerer, da 
not arise from the retina, but come from the choroid coat, and 
are united at their origin by a ring of ligamentous substance 
to the Bclerotio coat. Th^ exact operation of this beautifiil 
arrangement is not known, but it is pretty well aacertajned, 
that muscular fibres are so connncted with ttcse processes, that 
when they contract they draw tie crystalline lens forwanl 
This, as you will see in another part of this chapter, is a very 
important movement in the adaptation of the eye to seeing at 
different distances. 

439. The object of all this apparattis, which I havA de- 
scribed, is to have images of objecte formed in the back pari 
of the eye upon the retina, so that the optic nerve expanded 
there may carry impressions from them to the brain. This is 
done in this way. The rays of light coming from an object 
pass through first the cornea, then the aqueous humor, tiieii 
the crystalline lens, and lastly the vitreous humor to tbe retina, 
where tbey, so to speak, daguerreotype Ae object. Tbe fad 
that such an image is formed has been often proved by fbaei' 
ration on the eyes of animals. If the eye of a rabbit b» 
cleansed Irom the fat and muscles at ks back part, and a caudle, 
be held in front of it, you can see the image of tbe caodls 
through tbe sclerotjc coat, formed upon the retina. So if y OB 
take 3ie eye of an ox, and carefiilly pare off the back p 



u to leave it very thin, a distinct image of any thing placed ia 
front of the eje may be seen at the back part. The imago 
however will be inverted, as represented lu Fig. 162. For tha 



sake of clearness two rays only are represented as coming from 
each of the two ends of the object, a, c. These rays cross each 
other in tlie middle of the eye, those from a being brought to 
a focus at 6, and thoso from c at d. As aU the other rays, 
coming from other points in the object, are refracted in tie 
same manner, a complete inverted picture of it is thus formed. 
The same thing is seen in the instrument called the eamtra ob- 
tcura. If hght be let into a darkened room through a small 
aperture in a window si'utter, an inverted picture of objects 
Without can be seea on ti screen, as represented in Fig. IbS. 




This experiment, which c.in be performed by any one, illustrates 
in a rude way the principle of the camera oba'cura. The real 
instmraent has a tube with a double cooves; lena, so as to collect 
toj^etber the rays from objects, and concentrate them upon a 
small space, thereby making a very distinct small image of 
them. The eye is a very beautiful and perfect instrimtent of 
this sort The space filled by the vitreous humor ia the dark- 
ened room ; the pupil aaswera to the hole in the window sbut- 
25- 



ter, or flie tube of the more perfectly constructed camera ; th« 
crystalliDe humor is the lens; and the retina is the screen m 
■whicli the images are formed. 

We will now attend to the agency which the different parts 
have in producing the result, for which the apparatus is con- 
structed, observing the perfect adaptation of each of them to 
the particular part which it performa in Hie process. 

440. The cornea., as it lets In the light, requires to be trans- 
parent, and, as it is very much exposed to injury, it also re- 
quires to be very firm and hard. Both of these objects are 
secured in an admirable manner. Its transparency is secured 
in this way. It is made of different layers, which are kept 
moist by a delicate transparent fluid. It is this which in health 
makes the eye so clear and sparkling. Disease often so lessens 
it, as to g^ve this window of the eye a dull appearance. The 
cornea is, as you see by Fig. 159, more convex than the sclerotic 
coat, so that it may act with some power as a lens in making 
the rays converge. 

441. The iris is a circular curtain with a round opening id 
its centre, the pApil, which can bo vpried in size to a consider- 
able degree. On the iris depends vTiiat Is called the color of 
the eye, which is various, as blue, nearly black, grey, hazel, Jcc 
The color is owing to the pigment which is in cells on iu inner 
surface. The chief office of the Iris is to regulate the quantity 
of light that enters the eye. When the fight is obscure the 
opening in the iris is widely dilated; but when there ia much 
light it is contracted; and if the light be excessive, it is con- 
tracted almost to a point. Its motions, therefore, considering 
ing its small extent, have a very wide range. You can realiia 
this if you look at the eye of some one in a dim light, and then 
suddenly bring a lighted candle vers near to it. These motions 
are effected by a peculiar arrangement of muscu&r fibres, of 
which the iris is in part composed. There are 

two seta of fibres, the circular and radiated, aa '''<'■ >•*• 
represented In Fig. 164. When the eirculw 
fibres contract, the pupil ia contracted; and when, 
on the other hand, the radiated fibres conttact, 
the pupil is dilated. There must be a very nice 
adjustment of the fibres, to enable them to di- 
late the pupil as widely as they sometimes do, 
without producing any puckering of the surface of 
the iris. The opening in the iris ia always round in m 
ji animals whos« r^uge of vieaon requires to extend v 
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■A horizontal direction, (as the herbivorous animals,) it la in the 
form of an ellipse, with the long diameter horizontal. la nni- 
maU, OD the other hand, that leap up and down in pursuit of 
their food, as the cat nnd other carnivorous animals that seek 
theu" prey in the same manner, the pupil has the ellipticHi 
ibrm, but with the long diameter vertical. 

442. The crystalline lens is the chief agent in the eye in con- 
conttating the rays of light by refractjoo. In Fig. 
J0& you have a side view of it, lis anterior part, 
1, is less convex than its posterior, 2. In Fig. 1S6 
is a magnified view of the lens hardened in spirit 
and cut open, so as to show the different layers of 
vhich it is formed. The layers are more and more 
hard as you go towards the centre. The object of 
this arrangement and of the peculiar shape of the 
lena, is not as yet understood. 
This lens b the seat of the disease 
.called cataract. In this disease 
,the lens becomes opake so as to 
.prevent the rays of light from pass- 
jug to the retina. There are three 
.ways of getting rid of the difficulty. ' 
'One is to introduce an instrumeDt 
shaped like a needle into the side 
oftheeyeball, with which the opake 
lens is pushed off one side in the 
vitreous humor, so as to be out of 
tiie way of the rays of light. An- 
other is to break up the lens with the needle, so that its frag- 
ments may be absorbed. The third method is to make an 
opening in the cornea, and to extract the lens through it, 

443. The choroid coat {b, Fig, 159) contains quite a lai^ 
share of the minut« bloodvessels, and uervea of the eye, and 
serves for a medium by which they pass to other parts of this 
organ. But it serves another important purpose oj means of 
its dark pigment. It makua a dark chamber of the back pari 
of the eye where the optic nerve is espanded. The object of 
this is to secure distinctness in the images formed ipon the 
retina. If the choroid coat were of a light color, there would be 
fo much reflection of the rays of light back and forth in all 
'directions in the eye, that the pictures formed upon the retina 
-would be confused. There would he a glare of light, such as 
we ezpericDce in a room where the walls are all of a very lighl 
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color. There is the same reason for having the chamher of 
the eye of a itark color, as for having that of the camera ob- 
ecara so. In the alhino there is a deficiency of the pigment of 
the choroid ; and, therefore, in a bright light there is in his cast 
a defect of vision, from the ctosb reUeclion to which I havt. 
alluded. During the day his vision is very indistinct ; and it ia 
only when twilight appears that he can see well, or with com- 
fort. Ihe pigment is also deficient in the iris of the a]hino; 
and the bright red or pinky hue of the iris in hU case is owing 
to the blood in the minute bloodvessels, with which this part 
ia fio well supplied, "niose aoimals that use their eyes mosll} 
in dayUght have the pigment of the choroid t^ the darkest 
color; while, on the other hand, those that need to see moat 
clearly at night, as the owl, either have none of tbia pigment, 
or have it of a very light color. 

444, The retina ia a soft greyish delicate, membrane, formed 
chieliy of the expansion of the optic nerve. Here the images 
are formed, and the minute fibres of nerve in this membrane 
receive impresaions from these images, which are transmitted to 
the brain by the trunk of the nerve. This nerve has the same 
relation to light that the nerve of hearing bm to sooud, the 
nerve of amell to odors, or the nerve of touch l« the qualities 
of bodies that we feel. And it is curiona to observe ^at the | 
termination of the nerve of sight on the sui-face o 
is arranged ia papilla, just as the terminations of the i 
of touch are. In Fig. 167 is represented 
a portion of the retina of a fr*^ magni- 
fied three hundred times. The upper 
rows of papilliB, which are without dots, 

445. The superiority of the eye, as an 
opijcal instrument, is seen in a striking 
manner in several particulars, in which 
difficulties and defects to which all opti- 
cal instruments are hable are removed. There is, for example, 
a defect in the operation of lenses in optical instruments, which 
is termed ipherieal aberration, This can be explained on Fi^ 
168, which represents a lens, L, L', with' some of the rays as 
they pass through it. Now the rays E, R", E'", are brought 
to a focus at F ; while the rays R, L and R"", L' oome to t 
focus much nearer, at I. It waafound by eiperiment, that if th« 
central portion of the lens be covered, so that the rays R', R" 
R"', cannot pass, a distinct image will be formed on a s "^ 





Eiut at /. And, on the other band, if the outer portion of thfl 
ena be covered, so that the ouler rays are intercepted, then the 
middle rays, R' R" R'" will form an image on a screen at F. 
But if the whole lens be iised, do distinct image ia formed, wher- 
lay place the acre^. If jou place It at I, it will 
e with the rays that come to a focua there, rays that have 
their focus at F. And so of other pointa. 

446. It 18 ia view of auch experiments, that a contrivance 
has been adopted in the construction of telescopes and micro- 
Bcopea, for the purpose of remedying the difficulty above de- 
scnbed. What is called a diapkraffm, or Hop, is put in against 
every lens. It is a perforated partition which permits the light 
to pass only through the central portion of the lens. The lines 
D, D', in Fig. 108, cutting off all rays in the neighborhood of 
E and R"", show the operation of the B(op. In the eye the 
iria acta as tjte diaphragm or stop to the crystalline lens which 
is behind it, as you can see by recurring to Fig. 159. Ordina- 
rily, by means of this stop, the rays pass through only the 
central part of the lena. 

447. Another difficulty attending the operation of i common 
lens is what ia termed chromatic aberration. Every ray of white 
light conaiata of a mixture of raya of aeven different colon. 
Some of theae colors are more eaady refracted than otiiera, and 
therefore on passing through a lens will come to a focus sooner. 
This of course is apt to make some confusion in the color and 
the distinctness of objects, when seen through a single lens, or 
through several if they are alike. The difficulty has been rem- 
edied, although Sir Isaac Newton thought that it never would 
be. And it is said that tiie hint of the remedy was taken from 
the arrangement of the eye. At any rate, the defect is avoided 
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by having lenses made of different materials, just as is the case 
in the eye. Thus if two lenses be used, one of which is made 
of flint and the other of common glass, the difficulty disappears. 
In the eye it is perfectly avoided by the passage of the rays 
through so many different materials, before it reaches the retina. 
The stop has been found a partial remedy in the case of optical 
instiomonts ; and the iris, tne stop of the eye, of course acts in 
the same way. But the full remedy was not found, till another 
step was taken in imitation of the eye, the most perfect of all 
optical instruments. 

448. Ther# is another arrangement in the eye, which the 
optician can imitate only in a comparatively bungling manner. 
It is that by which the eye adapts itself to different distances in 
looking at objects. K we look through a telescope at a near 
object, and then turn it towards one at a distance, we cannot 
see it distinctly until we adjust the lenses to suit the distance. 
But in the eye how quickly ^e adjustment is made I It u 
done ordinarily, without any emrt on our part of which we are 
conscious. It is done so easily that we do not think of the 
change. We look at an object at a few inches distance, and in 
an instant turn the eye and see an object afar off with almost 
equal distinctness. There has been much discussion in regard 
to the means by which this adjustment is effected. One of the 
means undoubtedly is, a change in the relative position of the 
crystalline lens, which is effected by the muscular fibres spoken 
of in § 438. These fibres when they contract, draw the lens to- 
wards the front of the eye, and away from the retina. This is 
done whenever we look at a near object. If it were not, the rays 
which come from the object, as they diverge considerably, would 
not be brought to a focus when they reach the retina. The 
iris also has some agency in adjusting the eye for seeing at 
different distances. When the eye is turned to a near object 
the pupil always contracts, thereby shutting out those rays 
coming from it which are the most divergent 

no. 168. 



449. In some cases tliis power of adjustment is counteracted 
by defect in the arrangement of the eye. Thus, in the ■aear- 
nghted, either the cornea or the cr}rst^niDe lens, or both, aro 
too convex ; or, the crystalhne lens ia too far from the retina. 
The result is, that the rays of hght coming from a distant ob- 
ieot come to a fouus before they reach the retina, as represented 
in Fig. 169. All objects, therefore, are seen tndistincUy except 
those which are brought near to the eye. This defect is rem- 
edied by the use of a concave lens, which counteracts the effect 
of the too highly refractive power of the eye by making the 
rays divergent, instead of parallel, before entering the eye. By 
an habitual adjustment of the eye for seeing near objects, near- 
sightedness may be produced. Hence it is that engravers, 
watch-makers, students, Ac, are so liable to become near sighted, 

450, In the far sighted the difficulty is of an opposite char- 
acter. The refractive power of the eye is too feeble. This is 
owing either to loo little convexity of the cornea, or of the 
ctystailine lens, or of both ; or, to too great nearness of the 
crystalline lens to the retina. In this case the rays coming 
from a near object do not come to a focus soon enough. The 
focus of the rays comiog from any point of the object is behind 
the retina, as seen in Fig. 170, in which the rays from two 




Eints are represented as prolonged till they meet at their tocua 
bind the retina. This defect ia palliated by the use of convex 
glasses. It is quite common in persons who have passed middle 
age ; while near-sightedness appears mostly in younger persons, 
t!ie full compliment of the humors of the eye in their case 
making the front part of the organ prominent. 

451. There has been much discussion of the question nhy 
we see every tlung in its real position, while tlie images of ob- 

S'evsts are. as you nave seen in g 439, reversed on the retina. It 
as been supposed by some that we really see every thing re- 
versed, and that our experience with the senee of touui, in 
connection with that of vision, sets us right in this particular. 
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And this, it ia supposed, is the more readily dooe from the foc^ 
that our own limba and bo<lies are reversed as pictured on iba 
redna, aa well as olyscla that are around us, so that every thing 
IB relativeti/ right in position. But if this be the true expiana- 
tion, those who have their eight restored, afler having been 
blind from birth, should at first see everj thing wrong side up, 
sad should be conscious of rectifying the error by looking at 
their own limbs and bodies. But this is not so. In the case 
related by the anatomist Cheselden, of the boy who was bhnd 
from birth, and who at about the age of thirteen had his sight 
reiitored by all operation, there was no complaint that he did not 
see things erect at the first. If this difficulty had existed, he would 
have complained of it quite as readily as he did of the diSculty 
in eKtJmaung the size and the distance of objects. The above 
explanation of erect vision, and other explanations of a similar 
character, are based upon a wrong idea of the office which the 
nerve performs in the process ot vision. It is not the image 
formed upon the retina which is transmitted to the braJn, but 
an impression produced by that image. The mind does not 
look itf upon the eye and see the image, but it receives an im- 
pression from it through the nerve ; and this impression is so 
managed that the mind gets the right idea of the relative poaition 
of objects. Of the way in which this is done we know as htUe 
as we know of the nature of the impression itself. 

462. It is an interesting and w&nderjiil iact, that as we look 
xt an object with both eyes, although there are two imaget 
formed, and therefore two impressions are carried to the bnuB 
by the two nerves, yet a single impression is produced i 




mind. To produce tbis single effect at the end of the proceBF 
of seeing, it is manifest thiit there must be a very exact corres- 
pondence io the two eyes as ojitical instruments. The two 
images must be similsr, and must he formed on corresponding 
parts of the retina in both eyes. Thus, if there be a rang« of 
objects, as at A, B, C, in Fig. 171, the impression will be a 
fliDgle one ia the mind, because the picture of these objects ia 
on the same part of the retina in both eyes, a, b, c, and a', i', c'. 
Bat if you press with your finger one of the eyes a little out 
of its place, all these objects will appear double, because their 
images occupy different parts of the retina in tbe-twiD eyes. 

4fiS. It is essential, therefore, that the muscles whii^ more 
the eyes, as we direct them towards different objects, should 
harmonize in their action. They must move together with 
great exactness, or there will be disarrangement of vision. If the 
want of correspondence be slight, the vision will be merely 
confused. But if it be considerable, so that the images are 
formed on quite different parts of the retina, in the two eyes, 
every object will be distinctly double. You can verify this, by 
pressing one of your eyes with the Snger with diSeieut degrees 
of force, while you look at the objects. The intoxicated maa 
often sees indistinctly, and sometimes even double, from this 
"want of correspondence in the action of the muscles moving 
the eyes. This is one of the causes of double vision, as ne see 
it occurring in disease. I will cite a case which has recently 
come under my care, in illustration. The patient conld see aa 
Oaual, BO lonff as he looked directly in front, or towards the 
left. But when he turned bis eyea to look towards the right, 
be saw every thing double, and the farther he looked in that 
direction, the farther apart were the two images of every ob- 
ject. The reason was obvious. In looking to the right, the 
left eye turns towards the nose, while the right eye turns from 
it outward. The failure in this case waa in the action of the 
muscle that turns the right eye from the nose. The conse- 
quence waa, that as ha nttemp<«d to turn his eyea to look to 
vie right, the right eye did not correspond in its motion with 
the left, but remaned nearly stationary, presenting therefore a 
tquintittg appearance. In common squinting, there is a per- 
manent contraction of one of these straight muscles, similar to 
that which we see in wry-neck, as stated in § 308. When 
this difficulty exists, the images of objects are formed in two 
different parta of the retina in the two eyes, as in the ciie which 
lt:ivejust related. We should therefore expect that there 
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would be double vision, but ordinarily there is not. Wbjii 
thiu? It is becaa^ the mind acquires tbe babit of utten^cg 
to tbe impression that comes from one eye alone, the sound on ■ 
If the squiDti&g occur suddenly there is double vifrion at fin 
because it takes a little time for the miud to luxiuire the faah' 
referred to. But it generally comes on gradually, and there- 
fore there is no difficulty in the acquisition of this habit, Id 
meet the exigency of the case, 

454. While it is necessary to single vision when both eyeo 
ard used, that the image of thq object should occupy corm- 
ponding portions of the retina in the two eyes, it is not trw 
that these two image-s are in all cases exat^tly alike. They are 
so when the object present a plane surface, or one, every line 
of which caiv be seen equally well by both eyes. But if Uu 
object be such that some linen or surfaces of it are seen by on« 
eye alone, wbib other lines and surfaces of it are seen only bj 
the other eye, two diiferent iini^eE are obviously formed ia lie 
two eyes. Vou can verify this by a simple experiment. If 
you huld A book before your eyes, with ils back in a verticil 
direction, you see the back of the book and its sides at 
a single object. If now, still holding the book in t^.j 
position, you shut one eye, you see but one side of tltfti 
the book — that one which is on the same side with 
eye. And so with the other eye. The plain inferencd is, 
when you look at the book with both eyes, the image tomi 
in the right eye is composed of the back of the book and Hi 
cover of the right side, while the image in the left eye ia MM- 
posed of the back of the book and the cover of the left, 
From these two distinct images, of course, two <listinct ii ~ 
sions are sent to the bnun; and yet but a single impt ' 
recognized there by the mind, for the book is seen as 
object. This single impression must, therefiire, result 
way from a mingling of the two impressions transmitted alon| 
the two optic nerves. Were it not for this mingling of the two 
impressions, wo should see double, that is, see two things, wlien- 
ever we look at any solid projecting object, and should sw 
tingle only when we look at plane sur&ces. Indeed, one wbe 
has but one eye can not acquire from sight alone any iilea of 
iiolidity. Every iLing would appear to him to be on a plana 
surface, till he finds it to be otherwise by the use of the sense 
of touch, in connection with that of sight. 

455. The statements in the last paragraph are beautjfull; 
illustrated by the instrument iwntrived by Professor Wb( 
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which bft calls the stereoscope. In using this iD^runient, yaa 
look at two pictures of the same object with the two ej'ea, and 
yet you see but one thing — that is, but one iupression is pro- 
duced in the mind, although two difTerent pictures are miide in 
ttie two eyes, and of course two different impressions are con- 
veyed M tlie brain. Suppose the object represented is a book, 
as deacribed in the experiment alluded to. in g 454. In the 
right half of thtt instrument is a. representation of the book, as 
seen by the right eye, »nd in the letl half is a representation of 
it as seen by Uie left eye. As you look at them you see but 
one book, just as you do in holding the book before your eyes. 
Tlie two different images formed in the two eyes are the same 
in the two experiments. The same thing is done with other 
objects. Thus, the two representations of a dog, seen in Fig. 
172, axe Been in the instrument as a single dog. You observe 




that they are shaded differently. They are representations of 
the two pictures, which a dog in this position would make on 
the retina in both of tha eyes of a person looking at him. 
When you look at them in the instrument, the single dog that 
you see stands out more than either of the two representationa, 
as seen when they are not in the instrument. The reason is 
obvious. In the two images formed in the eyes, as you look 
into the instrument, are all the lines of light and shade, whieh 



^ou wouId.aee in looking at a real dog with both eyes ; while 
either one of these representations contdns oalj a part of iJum 
lines. You can imitate in some good degree the effect of &» 
Btereoscope, by placing the end of a small book between thcw 
figures, and letting the other end reat against the noae and for* 
head, thus separating the eyes from each other. If now yon 
look intently at the two figures, yon will in a few momenU find 
tbem approximale eauh other, till at length they mingle to- 
gether, and yuu will see but a single dog standing out like i 
statue. The same thing can be shown by mathematical figures 
Thns, if two figures a a, represented in Fig. 173, be placed in 




the two apartmenla of the instrument, on looking into it you 
will see a single figure, shaped like b. You can imitate tha 
stereoscope here also, by placing the end of a book in snob a 
way as to cover the middle figure, the other end being betweeo 
the eyes. The two figures will run together, and the unioo 
will represent the figure of a truncated, four-sided 6gure, stand- 
ing out in bold relie£ But such experiments aiford only a rudt 
imitation of the stereoscope, for in this iaatniment the sepan- 
tion between the eyes is entire, so that the effect is produced 
at once. There is no running together of the two figures, but 
the moment that you look into the instrument they are blended 

466. The harmony which we have seen to exist in the action 
of the eyes is very wonderful. It must be remembered thlt 
the eyes are optical instruments, endowed with self-adjUBting 
powers, to accommodate the difierent distances of objecta, and 
the varying degrees of light. And thus must both be jnst 
alike in all these diversified adju!!tmenta, that the images in 
both may correspond. And besides all this adjusting machinery 
inside of the eyes, so delicate and so correspondent in its action 
in both, there is muscular Diacbinery outside, to move the ^ 



tulla in all directions; and in these movements tilso, ! 
Iiave seen, there is an exact correspondence. All these motiooB 
Ibr adjosting this complicated machinery withia and around the 
eyes, Bra regulated by the nerves. How astonishing the accu- 
racy with which they do this ! How exact are the different 
impreaaioas transmitted through them, in producing the variom 
degrees, and multiplied combinalions of action, in the little 

uscles of these organs 1 

467. There is correspondence not only in the machinery of 
the eyes, as optical instruments, but also in that portion of the 
process of seeing which is not mechanical. The nerves of vis- 
iion must be exactly correspondent in the two eyes, that similar 
impressions may go from the retina to the brain in both. And 
the correspondence is in this case the more wonderful from the 
fact, that the impresBiona transmitted are, as you have seen, 
not always precisely alike. How the harmony is preserved in 
eonnection with this variation is a great mystery. We can 
'readily cQnoeive how a single impression can result in the mind, 
jfrom two impressions transmitted to the brain from two images 
'irhich are exactly alike. But we cannot conceive bow confu- 
can be avoided when the images and the consequent impres- 
aions are in some measure different. In this connection [ will 
Notice a peculiarity in the arrangement of the optic nerves. 
They ate not entirely separate as they go from the eyes to the 
nbrain. At one point in their course they unite together, and 
ithen separate again. In doing so, some Gbres from both the 
nerves communicate together, and some cross each other, so 
'that a portion of each nerve p^isses over to the other befora 
lliey go to the brain. Undoubtedly this arraugement has soma 
'referenoe to the harmony of action of Ihn two nerves, but wa 
inov Qotbing of the way in which it exercises ite agency in 



this respect 

468. The power 
objects, is wholly a 
to, in which Chesel 
this to be true. ' 
patient, ** he was si 



of perceiving the size, distance, and figure of 
I acquired power. The case already referred 
len restored the sight by an operation, shows 
When he first saw," says Cheselden of his 
far from making any judgment about dia- 
.tanci», that he thought that all objects whatever touched his 
mea (aa he expressed it,) as what be felt did his skin, and 
wought no objects so agreeable as those which were smooth 
imd regular, though he could form no judgment of their shape, 
or guess what it was in any object that was pleasing to him. 
He knew not the shape of any thing, nor any one thing from 
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toother, however different in shapte or iD^nitude; bat npon 
being told what tilings were, nhose form he before knew mm 
feeling, he would carefully observe, that he might know them 
^ain ; but having too many objecla to learn at once, he forgot 
many of them ; and (as be said), at first he learned to knoo, 
and again forgot a tbou^tand things in a day. At first he coald 
bear but very little light, and the things he saw he thonght 
extremely largo ; but upon seeing things larger, those firsi seen 
he conceived less, never being able to imagine any lines beyond 
the bounds that he saw ; the room he was in, he said, he knev 
to be but part of the house, yet he could not conceive that tbe 
whole house could look bigger." Every infant, if it could ei- 
preas its ideas, could ^ve us a narrative of a similar experience, 
in its first lessonis in seeing. It is obvioas that seeing is a prO' 
cess which we learn to do, as really as we learn lo talk or walk. 
The confused vision of the infant bears the same relation to 
the aecurato vision of the adult, that its uncouth noises and 
awkward motiona bear to the adult's harmonious utterances and 
graceful movementa. In order to acquire definite and correct 
ideas of objects, we are obliged to leum bow to use those opti- 
oal instruments, the eyes. The infant loaDifeetly does not know 
how to use them to any great advantage. He does not M fint 
know how to use the muscles that direct the eyes towards any 
object, and there is, therefore, an obvious awkwardness in their 
movements. As he readies out his hands towards objects, it 
is plain that he does not appreciate their distances. He reachss 
out for the moon, or any other distant object, just as be does 
for the toy that is held before him. It is by a continued com- 
parisou of experiences that he learns the sizes, shapes, and dis- 
tances of objecta. And in doing thie, the sense of touch aeta 
AS the educator of the vision, very much, as the ear educates the 
voice. And eveh t^e adult, with all Lite trainmu ivniuh be has 
bestowed upon his eyes, often makes mistakes, esfieciady in rela- 
tion to magnitude aud dislf ice. There are vanouif degreea of 
skill in seeing; and he is tne most skillful seer wno maktw the 
fewest of the mistakes referred to. 

4fi9. Let us look now at the means by which Wd gain the 
experience that is necessary to correct vision. One means is 
the appreciation of the space occupied by objecU in the field 
of vision. This is measured by what is termed the vmho/ 
(inffU — that is, the angle which is formed by two lines coming 
from the extremities of an object, aiid meeting in the eye. a 
reprcaented in Fig. 174. Id tbis way we get the idea of i>~^ 
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■ritude. But it is oiatiifest that it cAtinot alone give tu this idei 
eoneotly. It would do bo, if all objecU were at an eqno. 
distaaoe &om the eye. But you CAn see by the figure, that if 
tiiejr are at different distances, you must know something of 
those distances, to estimate the magnitude of the objects by 
tfae visual angle, which they subtend. The arrow at A, B will 
appear just as large as the larger one at A', B', because it will 
txioupy die same space a, b on the retina, and subtend the same 
angle. But if you know that the one is nearer to you than 
the other, jou make allowance for this in the •JAtimation of the 
aim. Your hand, held u}) to keep the niys of the aun from 
jonr eyes, would look to you as large as the sun itself if you 
did noL know how nenr it is to you ; and the sun and moon 
appear to us to \inva about the same magnitude, because we do 
not keep in mind the fiiot that the sun ia ninety-six millions of 
Tiiiles front us, while the moon is only two hundred aud forty 
thousand. 

460. Another means which we use in getting a correct idea 
of objects by vision,. is the degree of distinotneas in their iiooi, 
■kod shadowK, and colors. The tact b learned very early by 
Hie child, that the nearer objects are, the greater is their dis- 
tjnotness ; and he makes use of this fact contjnually in estim- 
Uing both their distance and their magnitude. He estimates 
the latter leas directly than he does the former by this means. 
He makes use of hia notion of the distance of an object, gained 
hy its degree of distinctness, in forming an idea of its magni- 
tude. Many mistakes are made in the use of this meuuH of 
[udgiiig of obji^cte, Thus, a very bright light will often appear 
tc be nearer than one that is less bright. When the atmoi- 
phere b very clear, mountains and other objects appear nearer 
* us than diey do when the atmosphere is Chick and hazy. 

401. Another imeans of making a correct estimate of the 
dwtanoe and magnitude of objects b, comparison with other 
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objecta which (ire familiar to ua. Thus, we got oar ideas of 
the size of iiniuials frgm object* in their neighboi'bood. Tha 
artist makes use of thia means of communicating ideas of im 
in pictures and eDgravinge. Figures of men are placed near 
largo buildings for this pui^iose. A nolioa of the great size of 
the elephant is given by placing his keener at his aide. I need 
not multiply instances of this sort. We are not ordinarily 
aware bow dependent we are upon such comparisons, in esti* 
mating the magnitude of objpcta. Am occasional mistake re- 
minds us of it however. For example, I once turned my ep 
suddenly &om a giddy height, upon some huts below at a river*! 
side ; tbey appeared to me to be dog kennels, till a inaD issued 
from the door of one of them, and thus dispelled the illuuon, 
by affording me a means of comparison. So complete vas lilt 
' o sudden was the dissipation of it, that it seemed 
an instantaneous swelling of dog kennels inh] 
e must have noticed how large the full moon 
es it rising, while the higher it rises the smaller 
it becomes to the eye, although it is really at no greater distaiiM 
than it was when it flist rose. The reason is, that when it tint 
rises you see it in a range with other objects, with which yoa 
instinctively compare it. And, therefore, it appears larger when 
von see it rising in the direction of some distinct object, as a 
large building, or a high hill, than it does wlien you see it rising 
over a level plain. 

482. Another means of judging of the magnitude and dis- 
tance of objects is, the muicular sense (§ 323) exercised in 
adjusting the eyes in seeing them. Tlius, consciousness of 
the amount of muscular action, in passing the eye up and down 
a tall object, helps to give us an idea of its height. So too, in 
looking at near objects, consciousness of the amount of effort, 
in turning the two eyes towards the point looked at, helps ti» 
to estimate the distance of the object Commonly we do not 
distinctly think of this effort, because it is so easily made; but, 
if after looking at an object held at some distance from the eyw, 
we suddenly bring it very near, the effort to make the axe»* of 
the eyes converge enough to see it distinctly is very manirest, 
producing a straining effect, which, if it be repeated many Ihmft 
successively, wearies the eyes. You can discover how very 
dependent you are upon this sense of the convergence of tliS 
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tyes, in accurately estimating comparative distances in near 
objects, by attempting to thread a needle, or nib a pen, or 
Bnuff a candle witli one eye shut. The cbange in the converg- 
ence of the eyes, on looking at objects at different distances, is 
Tory manifest to us when we observe the eyes of others. We 
peri^ive thus not only the direction, but the distance of the objects 
at which they are looking. We do this so continually from our 
infancy, that we very early acquire great accuracy in judging:, 
at what distance the point is towards which the eyes are turned, 
cr in whicb, in other words, the axes of the eyes meet. 

463. From the facts presented in the few last paragraphs, it 
is obvious that what we include in the word seeing is, to a great 
extent, a mental process. That is, there are certain mental 
efibrts which are absolutely essential to correctness in vision. 
Without these mental efforts or processes, we could not see 
things as they are, as it is expressed very properly, but we 
should see them as the boy operated upon by Cheselden did, 
when he first began to see. Seeing is commonly supposed to 
be a very simple process. The idea is, that one has merely to 
open his eyea. and he sees. But. as you have seen, the whole 
process is both a complicat«d and a difficult one; and in order 
to be able to do it, the eyes have to go through a course of 
training in the case of every infant, just as was the case with 
the boy whose sight Cheselden restored. We should be con- 
Bfflous of this, if we could recollect the experiences of infancy. 
But not being able to do this, it is only when we make some 
extraordinary effort in vision, that we are at all sensible that 
there is any acquired skill in the process. After the training 
which the eyes have in infancy, ordinary seeing is done with 
eo much facility, that we are not conscious of any effort either 
bodily or mental. This appears very wonderful, when we con- 
eider that the eyes are two optical instruments, which need, as 
you tiave seen, a most careful and nice change of adjustment 
coniinually, to see in different directions, and at different dis- 
tances, and that there is also considerable and complex mental 
effort in getting the right impressions from the objects wliioh 
are pictured upon the retina. 

404. But there is another view in which the mental part of 
the pruceea of vision appears strikingly prominent. When it is 
■aid that images of objects are formed upon the retina, and that 
impressions are transmitted from them to the brain, this is far 
from stating all that is true on that point. Many of the 
bn^es pictured upon the retina do not transmit impressions tu 
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the mind. The sensation of seeing' is, therefore, in reifition la 
them incomplete — the beginning only of the process is effeclei 
This you have seen to be true in the case of strabismus ot 
squinting. The faulty eye in this case is not ased — the mind 
takes no cognizance of the images formed in it {§ 453), But 
it ia true of ordinary vision also, that the mind takes no cogni- 
Muce of many of the images formed on the retina. This can 
be verified by a simple experiment If you hold a finger neiir 
the eyes (at some len or twelve inches fi'om them), and a Sn- 
eer of tlie other hand at a greater distance, but in the aatne 
airection, and then look at the near finger, you will perceivs 
that the other finger appears double. 80, on the other hand, 
if you look at the distant finger, the near one appears doubk 
The reason of this can be made clear to you hy Fig. 1 75. The 
two eyes, L and R, being direct- 
ed so that their axes converge 
on the object .A, the middle 
points of the two images cor- 
respond with the middle points 
of the retina in the two eyes, a 
and a'. The images thus cor- 
responding in their place on the 
retina, the impressions carried 
from them by the two optic 
nerves to the brain correspond 
also, and so the vision is single. 
But the image of the object B 
is formed in the two eyes, in 
parts of the retina that do ;ioi 
correspond, b and b'. They ai'i' 
both on the inside of the nnd- 
dle points, a a', that is towaril- 
the nose; whereas the outwavd 
part of the retina in one eyt> 
corresponds with the inward 

part in the other eye, and vice versa. This you will see to Iw 
true hy recurring to Fig. 171, in which in shown the way In 
which a row of objects is pictured on the retina in the two 
eyes. There you see that the image of the object A. for ex- 
ample, is in the left eye, L, on the inner side of the middle po(^^ 
b of the retina; while in the right eye, R, it is at the outer side 
niddle point, 6'. In the case of the object B, then, in P 
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formed in parts of the retina that do not correspond, and there- 
fore it appears double. 

46S,,The application of all this to the 'point in band you 
enn re^dilj aee. As the images of alJ objects in the field of 
vision of the two eyes are pictured on the retina, it is pl^n, 
according to the facts developed above, that whenever the eyei 
are directed together to any one object, other objects in the 
same direction, but at a different distance, must make images 
on the retina in the two eyes that do not correspond. We are 
therefore continually seeing double, so far as that part of the 
process of seeing, which consists in the foimation of the im- 
ages, is concerned. But we are not ordinarily conscious ol 
seeing double. How is this? How is the difficulty {for it is s 
Teal difficulty in the eyes, as a pair of optical instruments, aris- 
ing from the non-corresponding images) remedied? It is done 
obviously in the other part of the process of seeing, the mental 
part, 'nje mind regulates vision by the varying degrees of 
:aUeiUion it bestows on ot^ects. Ordinarily it does not attend 
'to noD -corresponding impressions that come from the non-cor- 
'nsponding images, but it attends only to those which are corres- 
.BOBdenL As in sqiiin^ng, it dii!regardB, as you have seen, the 
ImprGflsions that come from the faulty eye, so in ordinary vision 
It disregards many of the impressions that come from both of 
the eyes. By an effort of the will it can attend to the impressions 
irbicb it ordinarily disregards. When this effort is not made, 
it disregards them, as we may say, instioctively. To make this 
obvious, I will recur to the experiment with the two fingers, 
beld at ififferetit distances. When you first attempt the experi- 
ment, you do not for the moment perceive that you iu>e one 
finger double, because you change the direction of your eyes 
from one finger to the other, so easily and so unconsciously, 
that you seem to see them both singly at once. But by a little 
mental effort you fix your eyes on one, at the same time attend- 
ing to the images and consequent impressions produced by tha 
otier, and then the experiment succeeds. From nil this it is 
obvious that the reason that you do not see very near objectB 
double, when looking beyond them to distant ones, or see distant 
ones double when looking at near ones in the same direction, 
is simply that the mind ordinarily attends only to thoee images 
and impressions which are correapondent, while it with an ha- 
lytual instinct disregards those which are nut so. 

466. In connection with this subject of the influence of mental 
attentionon vision, it is proper to notice the fact, that vision is most 
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distinct at the central part of the retina — that part where tKe axil 
of the eye strikes, as seen in Fig. 171, 5, h'. This is commonlj 
called the point of dielinel visiori. The mental attention msiket 
use of this point continually. Thus, if we are looking intently 
at a minute object, the eyes «re so directed, that their ranTertf 
ing axes meet on the object. So when we are reading, althoueh 
the whole page may be pictured on the retina of each eye, oi3j 
the letter on which the axes of the eyea meet is Been wilJi pe^ 
feet distinctness. And the point of union of the axes tnova 
from one letter to another along the lines, so that each letter i) 
successively pictured on the central part of the retina. Tit 
process ia so rapid that we are not conscious of it, until 
we take pains to observe what the process is. Bo, in looMng 
at a prospect, the eyes at each moment see some one p<Nnt 
more distinctly than any other part of all that fills the field m m- 
ion. We are imconscioiis of this, just as in the case of read- 
ing, because the axes of the eyes are so continually moved by * 
slight but exceedingly quick motion from one point to another. 
We in this way take into the central part of the retina so tamj 
points with such rapidity, that, by a mingling of the itnpro- 
siona upon the mind, we seem to see the whole prospect at the 
same moment, with nearly equal distinctness. The successiva 
impressions irom the images on the retina, occupy so little tine^ 
that they appear to be simultaneous, unless we watch the process. 
407. But although some one letter on a page, or acme one 
point in a prospect, is at each moment seen with much more 
dbtinetness than what is all about it, yet there ia some vision 
of the page and of the prospect as a whole, of course beiug 
less distinct the brther it is from the central point It is pic- 
tured as a whole on the retina, and the impression from it as a 
whole goes by the nerve to the brain. The picture ia a very 
minute one, as it occupies a small Bpa<;e, and yet it is very dis- 
tinct in all its lines, and shades, and colorings. On this point 
Dr. Paley remarks that "in considering vision as achieved by 
the means of an image formed at '.he bottom of the eye, we 
can never reflect without wonder upon the smallness, yet correetr 
ness of the picture, the siibtility of the touch, the fineness of 
the lines. A landscape of five or six square leagues is brought 
into a space of half an inch diameter ; yet the multitude of 
objects which it contains are all preserved; are all discriminated 
in their magnitudes, positions, figures, colors. The prospect 
from Hampatead Hill is compressed into the compass of ■ fe- 
pfnce, yet is circumstantiallv represented." 
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Our judgment of the motion of objects often erroneoui. 

468. We fonn a judgment of the motion of bodies, in part 
by the movement of the images of them upon the retina. The 
perception of this movement must be exceedingly delicate, for 
even when a body passes over a considerable space, its image 
moves over a very small space on the retina. "A stage-coach," 
says Dr. Paley, " traveling at its ordinary speed for half an 
hour, passes in the eye only over one-twelfth of an inch, yet is 
this change of place in the image distinctly perceived through- 
out the whole progress ; for it is only by means of that per- 
ception that the motion of the coach itself is made sensible to 
the eye. If any thing can abate our admiration of the small- 
ness of this visual tablet, compared with the extent of vision, 
it is the reflection which the view of nature leads us every hour 
to make, viz : that in the hands of the Creator, great and little 
are nothing." 

469. Many of our impressions in regard to motion, as we 
look at objects, are erroneous. When we are moving ourselves, 
for example, stationary objects appear to move. As we ride 
rapidly, the objects that we see seem to fly by us. This is 
especially the case, if the motion to which we are subjected be 
an even one, as when we ride in a rail-road car. And if we 
look at distant and near objects at the same time, while the 
near objects seem to fly back, the distant seem to go along with 
OS. This is owing to their relative change of position, as can 
be made clear by Fig. 176. Suppose that when at a you see 

FIG. 176. 
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two olgects, e and d, in the same direction. If you pas* rap- 
idly to 6, ihe object e appears to bave moved hachwaTd in rela- 
tion la the object, d, wtule the object, d, nppcnrs to have moved 
forward io relHlion to e; and the lino, d, e, represents the rela- 
tive change of positions in the images of the two objecls upon 
the retina. 

470. Ab everj object that we see is d^tuerreotyped, as wo 
may say, upon the retina, the rapidiQ' with which these pie- 
tures change, and the distinctness with which the nerves triini- 
mit impressions from them to the brain, are very wonderful 
The time required for each transmission is very small^-only th« 
fraclion of a second. The length of time htts been estimated 
by experiment. Thus, if it is found that a burning coal, whirl- 
ing around at the rat« of six times in a second, produces a 
continuous circle of light, but that the circle is broken when it 
whirls round only five times in a second, we know that the 
length of time required for a distinct and separate impression 
is the one-fifth of a second. The same experiment can be 
tried with a wheel. In this case we observe what is the largeat 
number of revolutions in a second, that can be made withoal 
blending the visual impressions of the spokes into one con- 
tinuous impression. By such experiments, it has been found 
that the time required for a distinct visual impression varies in 
different individuals, and in the same individual at diSerent 
times, from one-fourth to one-tenth of a second. This di&^ 
ence in the rapidity of succession of the impressions is of coarse 
not owing to any difference in the rapidity of the formation of 
the images ; for they are formed by the light, and light always 
moves with the same velocity. It must be owing manifestly to 
a difference of facility on the part of the mind, in receiving 
impressions from the images. In other words, the mental ac- 
tivity in the use of the optical instruments, the eyes, differs in 
different individuals, and in the same individual at different 
times. If one sees more quichly than another, it is a mental 
quickness. It is a difference analogous to that which we see in 
relation to the use of other instruments of the mind, the mus- 
cles for example. Some use these instruments much more 
readily and rapidly than others. We see this in the motiooa 
of, the eyes themselves, and the eyelids also. Some wink more 
quickly thau others, and there was wisdom in the deoisioo of 
Oie blacksmith who dismissed a workman, because he did not 
wink quick enough, and was therefore always gettinK sparks is 
bis eyes. ^h 
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471, The bleDding of impressions in vision, produced by 
rapid motion, hoa been made uj^e of in the contrivance of sn 
amasing optical toy, called the Thaumatrope. In making tliia, 
you cut a drcular curd, and mnke two (iifierent GgLtres on its 
two sides. If you attach two silken strings to oppo!iite poiota 
iu its diameter, and then twist the strings, bo that when the 
eard is left to go fi'ee, it will revolve with considerable rapidity, 
the two figures will he mingled together as seen by the eye. 
In Figs. 177 and 178, are represented the two sides of a card, 





jirepared in this way. In this case, the figures as they mingle 
together appear to the eye as a cross. If a bird be drawn on 
one side of the card, and a cage on the other, the mingling of 
the two figures, as the card revolves, will show you the bird in 
the cage. 

There are many other points in regard to the phenomena of 
vision, which it would be interesting to notice. But it would 
make tliis chapter too long. 

472. Tlie means by which bo delicate an organ as the eye 
is protected from injury, are worthy of notice. Observe first 
its situation. Farapeta of bone surround it, and receive the 
force of most of the blows that come npon that part of the 
fcce. Above is the strong arch of bone, forming the lower 
part of the forehead. Then there are the cheek bones, and the 
hones of the nose. Tbus, walled in, in aJl directions by these 
prominences, the eye is seldom hurt, except by a direct thrust. 
And besides being thus protected by surrounding bones, it re- 
poses upon a soft cushion of fat, which yields, if the eye be 
pushed backward by violence. Indeed it is thus pushed back- 
ward effectually by the muscle that closes the eyelid'*, wheneAr 
an impending blow is seen, and it is thus sunk farther back io 
its cushioned recess, amid the projecting parapets, and of course 
leceives less of tba force of tie blow than it otherwise would. 
This muscle, also, by its instantaneous nclicn, prevents manj 



light articles from flying inlo the eye. Such articles are abo 
often prevented from entering the eye, hy being intercepted hj 
tile eyelushe!). The eytbrom, beside being an ornament, pro- 
tects the eye from harm, by preventing the salt perspiration 
irom running dawn into the eye, and irntating it. It acts as i 
thutfihed roof, projecting from the arch over the eye, and letting 
tiie perspiration from the forehead evaporate from it, when il 
is Bmall in amount, or drop from it down upon the cheek, wbmi 
it is abundant. The eytlashes also serve to keep the persfrirfl- 
tion of the eyelids from entering the eye. The structure of ilia 
eyelids is such, that the freest motion is allowed, while they 
atford by thdr firmness considerable protection to the oigan, 
They derive their firmness from a fibrous cartilage, which m^M 
the body of each lid, You can readily see that this cartiliyfe, 
making an eyen pressure on the surface of the eye, must ofb<n 
prove an effectual defense against direct thrasts. If the weapoa 
hit this cartilage, it acts as a firm shield, to ward off the hW 
from the eye behind it. And even that part of the lid which 
is intended by its laxness to allow free motion lo the lid, the 
skin, is often an effectual defense. If an impending blow be 
seen, and the eye he instantaneously and forcibly shut, the 
wrinkled skin forms a soft cushion over the eye, and thus not 
only covers it up, hut serves materially to deaden the force U 
the blow. 

473. The tear apparatus 
affords the eye material 
protection. The bland tears 
keep the organ properly 
lubricated, eo that ita con- 
stant motions occasion no 
irritation. And if any thing 
gets into the eye, the tears 
are manufactured abund- 
antly, for the purpose of 
washing out the intruding 
substance, which is generally 
effected. Fishes have no 
need of a tear apparatus, as 
tbcir eyes are washed con- 
itantly , by the water in 
which they live. In Fig, 
179 is represented the tear- 
appamtus. The tears are 
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■ecreted by a small glaad, called the lachrymal gland, situated 
" J, in the orbit under the arch of the forehead, and near the 
outer angle of tbe eye. At b are the ducts which amply the 
teara in u]>on tlie surface of ttie eye on the Juside of tbe upper 
By the constant motious of the organ the tears are diffused 
over its whole surface, and thus continualiy wash the eye. Th€ 
arrangement for carrying off the fluid is this. It flows through 
a tube, d, e, into tbe nose. This tube has at its beginning in 
the eye two bvsnchts, c, e, which open on the edges of the two 
lids at the inner comer of the eye. These open mouths, that 
drink up the tears as they flow to them, you can very readily 
eee. The driun of the eye, which thus conTeys the lachryma. 
fluid to the nose, is ordinarily capable of taking care of all the 
tears that the gland makes. But when an uncommon amount 
mode, as in weeping, it cannot receive all the t«ars, and they 
therefore overflow their banks, the edges of the eyelids. And 
sometimes there is a constant overflow from obstruction of the 
drain by disease. The continual weeping of the eye, when this 
obstruction exists, will give you some idea of tbe amount of fluid 
which the lachrymal glands make. 

474. Along on the edge of each eyelid are some very small 
glands which secrete an oily sub:«tance. This serves two pur- 
poses. It oils the eyelashes. It also prevents the tears, when 
they are only in ordinary quantity, from being diffiiPed over 
the edges of the eyelids in the constant motions of the eye. 
This exceedingly small quantity of oily substance suftices to 
keep tbe tears in the eye where they are needed. There it 
also a curious provision for directing the toara 
to the mouths of the ducts when the lids are 
closed. When brought together their edges 
unit« in such a manner as to form with the 
euriace of tbe eye a iriangular channel for tbe 
tears to run in. This is made clear by tbe 
diagram in Fig, 180, in which the line b rep- 
resents Lhe surface of tbe eye, and a the edges 
of the lids, showing a section of the canal be- 
tween them. 

475. I had intended to notice some of the 
peculiarities of the eyes of different cinsaes of 
animals, but this chapter is already so long that I will notice 

I but one — the nuUlatinff membTane in the eyes of birds. 
Wlien not in iise it is gathered up in the inner corner of the 
I. When it is stretched crver the organ it is a thm translu' 
27* 
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is very elastic, to that 
Bs soon as the muscles that sweep it so 
qnicklf over the eye are relaxed, it flies 
baok at once to the corner where it is so 
snugly folded. In Fig, 181 it is represented 
as half way over the front of the eye. In 
Fig. 182 are seen the curioaaly arrar.ged 
muscles that move it One of the muscles, 
g, arises from the ball of the eye at its up- 
per part, and running hack forms by' the 
trunk of the optic nerve a tendon witli a 
loop, through which the tendon of the other 
muscle, p, works. This muscle arises from 
the lower port of the ball of the eye, op- 
posite to the origin of the first muscle. Its 
tendon, (, is fastened into the edge of the 
nictitating membrane. It acts through 
the loop as a pulley, and you esn see that 
the muscle, g, assists it materially in effecting 
the very quick motjons of the membraue. 




CHAPTER XVII. 



CONNECTION OP THB MIND AND THE BOM 

476. Is the Chapter on the Nervous System I gave ytni-n 
general view of its Amotions and its arrangements. You sow 
that it is to the mind the grand means of communication wi^ 
the world of material and immaterial things around it. In the 
Chapters on the Senses and the Organs of Locomotion, we have 
considered the modes in which this communication is maintained, 
through organs subordinate to the nervous system. Anil yuu 
.have seen that through the senses all knowledge of externnl 
things is communicated to the mind, where it is uned as thi; 
material of thought and reflection and feeling; while, on the 
other hand, through the muscles the mind produces all iti iJB; 
pressions upon the things and beings on which it ai 
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>re now therefore prepared to look more thoroughly into the 
ooDaecbon which Uie nervous system establishes b<itweeii tfao 
mind and the body, and to observe some of llie higher and more 
intricate phenomena whiL-h result from it. It is to views upon 
'these pointfl that I ahall devote this and thefollowiog chapter. 
47T. The brain is the orgau of the mind. In this life tliers 
can be no mental manifestations except through the agency of 
tliU organ. The mind and the brain alwayit act together as one 
tiling. Thi« is manifest in regard to motion and sensation. It 
is equally true of thought. The mind can think and excite 
motion in the musclea only through the brmn. The proofs of 
this are various and abundant If ft man by a blow upon hia 
head have a portion of the skull driven in upon the brain, so as 
to press apon it considerably, all sensatioti and power of motion 
are suspended. His mental oonuection with the world aroimd 
him n completely cut off. And not only so, but all mental ac- 
tion is arrested. The mind, thus shut in &om the world around 
by the suspension of sensation, does not go on to act indepen- 
dently of the compressed brain. The man does not think ; for 
if thinking did occur in such cases, there would occasionally be, 
as after dreaming, some recollection of what passed through the 
mind, after the pressure is taken off from the brain by tiie tre- 
phine and elevator of the surgeon. He lives, because the invol- 
untary muscles, connected by their nerves with the top of the 
spinal marrow, (§ 229,] which is uuiujured, carry on the breath- 
ing and the drculation. But though he lives, he is not now a 
moving, or a sentient, or a thinking being. His mind is aa 
dormant as life is in a state of hibernation. 

478. The ^me state of things occurs in apoplexy, and in tho 
tenseless state which accompanies most convulsions. And it 
may be remarked, that the degree of the suspension of the 
mental funclJons depends upon the degree of effect produced 
upon the brain. If, for example, in the case of injury, the 
pressure of the bone driven in apon the brain be not very great, 
the suspension will be partjal ; but if the pressure be considera- 
ble the suspension will be complete. 

479. The dependence of the mind upon the brain ia mani- 
fested in a great variety of diseases. The delirium of fever and 
of iuflammation of the brain, and insanity resulting from chronio 
disease in this organ, show this absolute and inseparable con- 
nection of tiie mind with the material organization in our present 
state of being. We sometimes see the mind gradually blotted 
»ut by the progress of disease in the brain, so that a man of 
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iDsanity a diaeaM of the organixation. Sitaation.of tto knifa. 

even high meDtal powers becomes a drivelling idiot So, too^ 
a bad ^rmatibn oiT the brain, or early disease of this organ 
often prevents mental development. Insanitj is always the re- 
sult of disease in the organization. This is so even when it is 
produced by moral causes acting directly upon the mind. Tbe 
insanity in such a case is an indirect effect — the <»gan]zation 
affected by the mind is thrown into a diseased state and reacts 
upon the mind, inffuencing its manifestations. '*If the mind 
thus acted upon were a spirit, separated from the body, the 
result would be merely the feelings, which the motives applied 
would naturally produce, and not the unnatural, feelings of 
insanity. It is not strictly proper th^ to speak of a ' mind 
diseased.' Let me not be understood to mean that mental de- 
rangement in every case is to be attributed to disease that leaves 
such palpaUe traces, that the dissecting knife would feveal it if 
death were to take place. There are diseased operations <^ the 
body, that are hidden from our view — so hidden, that they not 
only leave no traces, -but often develop no characteristie bodily 
symptoms."* I shall recur to this subject of the dependence 
of the mind upon the brain in another part of this chapter, and 
shall endeavor to point out definitely what are the teachings of 
physiology, of our consciousness, and of revelation respectively 
in regard to it. 

480. Observe for a moment the situation and the immediate 
connections of the brain, the organ of the mind. Its situation 
in the human structure is appropriately a commanding one. It 
is fitly placed at the summit of the structure, inclosed by that 
noble dome which I described to you in the Chapter on the 
Bones. And then observe that in its imn>ediate neighborhood 
are the organs of four of the senses, sending their messages 
continually to the mind. Especially you notice that under the 
jutting arches of the front of the dome are the ever-moving 
eyes, looking out from their elevated place of observation ; aiid 
at the sides of the base of the dome are the halls of audience, 
ever open and ready to transmit the messages that eonae to the 
soul through the vibrations of the air. And there, too, in the 
very front of this habitation of the mind is the face, indicating 
by the delicate, quickly changing play of its muscles the thoughts 
that are at work within. And lastly, there is the mouth, the 
outlet for the voice, the chief agent of the outward naanifesta* 
tions of the mind. Here then are clustered together inUuft 
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tU spAco, in tbe immediate neighborbood of the mind's bat> 
itatioD, ita priudpRil instruments of commanication witb th« 
world around. Wben we aro listening to eloquence, wbetber 
it be in the public assembly, or in tbe social circle, or in tbe 
jnare privstn intercourse of friendship, and observe, as the rioll 
toneK proceed from the mouth, the elevated and changeful ex- 
pressions of the countenance, we are impressed with the ides, 
that, if it be the mind which constitutes the image of God in 
man, the face of man thus eituated in the front of the mind's 
2iabitatioD, is the fittjng outward emblem of that image. 

481. It is interesting to observe how exceedingly rapid are 
the communications of the mind with tbe different parts of ihe 
body. Notice what the procees is, or rather what tbe processes 
are, when you withdraw your band from any thing that hurts it, 
as heat for example. An impression is produced upon tbe ex- 
panded nerve in the part — this impression is sent along tbe 
nervous tubuli to the brain — tbe mind there receives the im- 
pression — tbe mind in return communicates an impression to 
tbe brain- — tliw impression goes by another set of nervous tubuli 
to the muscles — they act, and the hand is withdrawn. If it 
took as long U> do all this as it has for me to describe it, the 
liand would be very thoroughly burned before it is drawn away. 
The same set of processes is gone through with, when in ex- 
ecuting music, either with the voice or an instrument, a mis- 
take is immediately beard and corrected. And so of other 

482, In tbe Chapter on the Muscles I spoke of the great va- 
riety in the motions of the body. In executing these motions 
tbe individual commonly knows nothing of the muscles with 
which he does it. Even the anatomist, who is (amihar with iho 
■ituation and arrangement of the muscles, seldom thinks of 
them while he works them in the production of different mo- 
tions ; and if he does think of them it affords him no assistance 
in their nse. Great skill can be acquired iu the use of the 
nusclee, without any knowledge in tbe individual of tbe fact that 
he has such organs. In muscular action men commonly move 
a machinery of which they know nothing. They have only to 
will any particular motion, and the nerves are so arranged at 
one end witb the muitcular tibres that will do it, and with the 
brain at the other, that tbe message from the mind goes to 
exactly the right fibres, and the result is produced. Rir the 

" lite variation* of motion in the body what complicated and 
intricate arrangements are needed ! These variations, it in to 



be remembered, do Dot result merely &om combmatiODS of j 

movemeTits, but are rendered vastly more exteuMve from thS 
varying degrees of contraction in the muscles, If eacb mmda 
always acted just so much and no more, there would be eren 
in that case great variety of motion, from its combinatioa in , 
various ways with other musclea. But the variety is made to 
be endless from the endleaa variation in the decree uf their con- 
traction. And for each one of these variations, both in degree 
and combination uf action, there must be a different message 
sent flora the mind along the nerves. In every moljon the 
muscles that produce it must, so tn speak, be told to act, and not 
only so, but they must be told just bow far to act. In motions 
that are very compound, and at the same time exceedingly del- 
icate in their variation, the accuracy and variety of the mes- 
sages thus sent from the brain along the nerves are not only 
wonderful, but are beyond our conception. We realize this 
fnlly, when with tlie views above expressed in the mind, we 
wateh a skillful balancer, as be execute his endlessly varied but 
exact movements. So, too, when we hear from Ole Bull's one 
violin such a mingling of sounds, that we feel that there must 
be a half a dozen violins played upon at once, bow inconceivably 
rapid and numerous and complicated must be the messages thai 
fly from his brain along the nerves to the muscles, and yet tbefe 
is not 8 failure in one of them — not a fibre that does not con- 
tract at the right moment, and in the right degree ! 

483. The use which the mind makes of all the machinery of 
the senses and of the organs of locomotion does not come to it 
at the outset. It comes by training, and iu some cases by very 
long training. The child at first uses its muscles bonglingly. 
It does not see or hear skillfully. It knows nothing at uie first 
of the colors, or shapes, or distances of objeclB. It knows notldng 
uf the direction or dliitance of sounds. It has all these things 
to learn. And for this purpose the organs of sense and toe 
muscles are put into exercise at once, and the child begins its 
long process of learning on the day of its birth. Few have any 
conception of the amount of knowledge which is acquired in 
the first of the child's life. He is born not only with absolutely 
no knowledge of the world of things around him, but he hsa 
no skill in the use of the instruments, the muscles and the 
senses, by which he is to obtain hie knowledge. These give 
him at first no very definite information ; but by the couslant 
exercise of them, and by comparisons between the repor ta ^,* |, 
*'~ tea he soon adds rapidly to his stock of kaf 
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edge, and becomes skillful in the uae of hia means of g 

it. But let us see a little more particularly how this is uone. 

484. I will speak first of the progress of tlie child in learning 
how to use Lis muscles. When he first puts them into action 
vou see that he has no skill in using them. The action is aim- 
less and awkward. You see in his movements none of that 
native grace of which so much is said. This is to be acquired, 
and all thai is native aliout it is the power of acquiring it. He 
leaiDs to ei<.>cute very many motions before be comes to that 
complicated movement of so many muscles, creeping, and then 
the no less complicated but more difiicult one of walking suc- 
cei'ds. How awkwardly he does this in his first attempts to 
preserve his balance, and now many feilures must he encounter 
before he can perform this motion even decently well! The 
same thing can be said of learning to talk or to Bmg,.fbi^this is 
but a truning uf the muscles. It is thus gradually that all the 
voluntary muscles become educated. It is true even of the 
muscles of the face. At the first how expressionless ordiuarUy 
ia the face of a child. You see nothing of those delicate move- 
menta of the muscles which in after years e^ipress every varying 
shade of thought aud feeling. When be cries there is an awk- 
ward over action of the muscles, as represented in Fig. 1S3. 

FIG. 1S3. 




He teams to use these muscles partly at least, by imitatioit. 
His first lesson ordinarily is in smiling, which he simn lenrna 
l>T imitating the smile of his mother. But even this, aimpU 
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flkill in the use of the senset and the miuclet. Comes later in man than in animak 

as it is, he does awkwardly at first, and he must go throi:^ » 
long process before he can master all the capabilitieB of ex* 
pression in these little muscles. 

485. Skill in the use of the muscles yaries quite as much as 
any other acquirement in different individuals. It is wonderfid 
in the juggler, the rope dancer, the skillfal player on a musical 
instrument, and the accomplished singer. You will have some 
conception of what education can do for the muscles, if you 
contrast the awkward balancing of the child in walking with 
the agile and delicate balancings of the rope dancer, or the 
aimless and uncouth movements of the infant's hands with the 
rapid and varied execution of the player on an instrument, or 
the monotonous and coarse sounds uttered in a child's first 
attempts at singing with the varied melody of a skillful singer. 

480^^ The senses are educated as well as the muscles. As 
you see an infant reaching out his little hands awkwardly with 
his unskilled muscles towards an object, it is manifest that he 
knows not at what distance the object is from him, and that 
he does not readily adjust his eyes to its distance, so as to see 
it clearly. He after a while by practice acquires the power of 
doing this. The same may be said of hearing. The little 
muscles which I described to you as so nicely adjusting the 
eye for seeing at different distances, and the ear for hearing 
various notes of sound, require training, just as the muscles do 
with which we walk or talk. 

487. It is a singular fact that most other animals are bom 
with so much more skill in the use of the muscles and the 
senses than man. While man is " in the nurse's arms," the 
chicken, for example, walks about as soon as it is hatched. 
He does it at first awkwardly, it is true, but he soon learns all 
that is to be learned about it. He is assisted materially, it is 
to be remarked, by the fact that his feet spread out over so 
large a space, that he has no hard lessons to learn in balancing 
as the child has. But this is evidently not all the difference. 
If it were, the child should be able to creep at the first, or even 
walk on its hands and feet, for in performing these motions 
there is no diflSculty in supporting the centre of gravity. The 
same difference exists also in regard to the senses, for the 
chicken seems to understand distances at once. As it runs 
about to pick up its food it makes no mistakes on this score. 
But while man is thus at the first the most helpless of ain'mft ln^ 
in regard to both his muscles and his senses, by his process of 
leammg he ultimately acquires vastly greater range and ▼»- 



CONNECTION OP THE MIND AND THE BODY/ 825 

The sentei and the muscles mutud teachers. Exemplified. 

riety of motion than other animals. And the same thing can 
be sai^ of his acquirements throqgh the senses. 

488. The senses and the muscles are mutual teachers iv 
this education which I have described. Thus, in singing, th« 
accuracy of the sense of hearing in estimating sounds is ac^ 
quired through the action of the muscles of the voice while 
tne ear is listening. And on the other hand, skill in executing 
sounds is acquired by these muscles under the tuition of the 
ear. The dependence of the senses upon the muscles is not as 
absolute, however, as that of the muscles upon the senses. 
The ear can be trained in the accurate appreciatioii of sounds 
without any corresponding exercise of the muscles of the 
voice, though the two processes are ordinarily to a greater or 
less extent connected, and are corrective of each other. But 
even when the ear is trained without any aid from the mus- 
cles of the voice, the training is in some measure a train- 
ing of muscles. For, as you saw in the Chapter on the Ear, 
§ 415, there are certain little muscles that regulate the tension 
of the drum of the ear, which undoubtedly go through a pro- 
cess of training when we are learning to distinguish accurately 
between different notes of sound. While the dependence of 
the senses upon the muscles is thus a partial one, the depen- 
dence of the muscles upon the senses is, on the other hand, 
complete. Although the muscles have a sense of their own, 
a muscular sense, as Bell calls it, this is not adequate to be 
their sole guide in action, but it serves as a mere auxiliary in 
this respect. This absolute dependence of the muscles upon 
the senses is very strikingly shown in the fact, that the deaf 
and dumb are dumb simply because they are deaf. The voice 
in them has no teacher. The muscles which regulate the ten- 
mon of the vocal ligaments, and those which articulate the 
voice do not act, because, as stated in the Chapter on the Voice, 
§ 400, they have no guide in their action. 

489. Although I have spoken of the education of the mus- 
cles and the senses, this language is not strictly correct For 
the education is an education of the mind that operates through 
these muscles and senses. It is the training of the mind in 
the use of these instruments. This is very clearly shown in 
cases of idiocy. In these cases the defect in talking is prv 
portioned to the mental deficiency. It arises from an inca- 
-pacity on the part of the mind in using its instruments, the 
muscle^ and tne apparatus of the senses, and not from any 
defect in the construction of these instruments. The larynx 

28 
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The ioToloiitaiy mowlM not educated. Why. 

and the articulating organs of the voice are perfectly well 
formed in the idiot, as I have stated that they are in the deaf 
mute. While, in the case of the deaf mute they are not used 
at all as vocal organs, because the mind, through the absence 
of hearing, has no power of regulating them ; in the case of 
the idiot they are used to a limited extent, and in a veiy 
bungling manner, because the capability of regulating them u 
limited by the deficiency of the directing intellect. And what 
[ have said of the muscles of the voice in the idiot is eoually 
true of the muscles of the face. There is no defect or con- 
formation, nor is there any lack of lustre in the eye, as is 
conmionly supposed. The limited ran^e of expression and its 
awkwardness arise from an incapability on the part of the 
mind of using the muscles of expression with fjEicility and skill 
The muscles have an incompetent teacher, and so learn to do 
but little, and do that little bunglingly ; or, to speak more 
correctly, the deficient mind is not capable of learning to use 
chem properly. 

490. The education of the muscles does not extend to those 
which are involuntary. Though respiration, for example, is a 
very complicated act of many muscles, these muscles require 
no education to do their part skillfully. We have no need to 
superintend them, for their constant action is secured by an 
arrangement for nervous influence which is independent of the 
mind, as stated in the Chapter on the Nervous System. So, 
while the mind sleeps, or when it is locked up in the stupor 
of disease, these muscles continue to perform their duty, as 
well as when we are awake. The same substantially can be 
said of the muscles which perfoim the act of swallowing. Al- 
though this is a very compound, and, mechanically considered, 
4 very difficult act, as shown in the Chapter on Digestion, § 78, 
it is performed as well in the first liour of the child's life as it 
is at any future period. The muscles that execute it need no 
training. And yet it is only after long and diligent training 
that the purely voluntary muscles, as for example those of the 
hand, execute movements which are no more complicated and 
difficult. The reason for this difference is obvious. The move- 
ments which are performed by the involuntary muscles, such 
as breathing and swallowing, are immediately essential to the 
preservation of life, and it is therefore necessary that they 
should be well executed from the first Their perfect action is 
therefore secured by a nervous arrangement, which is indepen- 
dent of the mind. The voluntary muscles, on the other luuidi 



mfltead of being devoted, like the involuntary, to tbe main- 
tenance of life, act as the instruments of the mind, and there- 
fore the mind acquires the power of using them skillfully by 
dint of long-continued training. 

4fil. In the education of the muscles, it is to be observed, 
that although during the process of learning the mind takes 
dislioct cognizance at first of every movement, it after a while, 
as ihe education becomes complete, takes little or no notice of 
msny of the movements, except when some error occurs, or 
some obstacle arisen. Thus, woen one is learning to sing or 
{>lay a tune, the mind at first through the ear takes a definite 
and distinct notice of every sound, and makes a palpable ex- 
ertion in every movement. But afler the tune is learned, this 
ceases to be the cuse, and the movemonta seem to be associated 
together, in some meaiiure independently of mental action. So 
in learning to walk the child notices each of his movements 
very distinctly. But when^he has fully learned, but little 
thought seems to be expended upon the motions, except when 
Boma obstacle appears which interrupts their regular succession. 
I When one walks in a reverie, the mind is most of the time 
wholly abstracted from the associated movements which make 
up the compound act of walking. In learning to read the 
child makes a distinct mental effort in regard to each lettci, 
resorting to every aid which will help to make the effort a 
successful one, even to the putting the finger on each letter as 
he looks along the line. But as he becomes more and more 
lulled, the aasodation of action of which I have spoken comes 
more and more into play. I will refer you to a partial expla- 
nation of the facts above alluded to, given in § 2Q2, in the 
Chapter on the Nervous System. 

■492. It has been stated in § 326 and § 478 that the mind 
reoeives impressions only through the senses, and imparts 
them only through tbe muscles. These act as tbe instruments 
of the nervous system, the senses being the inlels and the 
muscles the outlets of communication. And it has been gen- 
erally considered as a settled point, that these are the sola 
channels through which the interchange of thought and feeling 
is effected in our present state of being. But it has been pre- 
tended that other mysterious modes of communication have in 
these latter days of progress been discovered. The phenomena 
{/resented by animal Tna^neliam, as it is called, are ulaim^ by 
some to demonstrate, that there is in some cases a peculiar 
tneans of communicatioo, distinct from those which are uiuaily 
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employed. It lias been fancied that something analogous to 
magnetism is the medium of connection in such cases, and 
hence the name of animal magnetism. Through this medium, 
it is asserted, that thoughts and sensations pass from one person 
to another, independent for the most part at least, of the ordi- 
nary conditions on which communication depends. The phe- 
nomena have been presented at different times under different 
phases, and the theory framed to account for them variea 
somewhat from time to time, according to the varying char- 
acter of the phenomena, and the tastes and imaginations of 
the believers in this so called science. Amid all the variouf 
forms which it has thus assumed, with its corresponding di« 
versity of names, one thing has always been true of it, vit, 
that whenever any efficient tests have been applied, it is shown 
to be a large superstructure of falsities built upon a very few 
fa(^ts. And in view of the uniform results of these tests, we 
may confidently say, that as yet there has been no satis&ctoiT 
proof^ that there are any other channels of mental communi- 
cation, than the ordinary ones furnished by the senses and the 
muscles. Most minds are bewildered by the strange, and s<Hne- 
times inexplicable things, which appear in the exhibitions 
which they witness, and are ready to adopt any plausible ex- 
planation which may be offered. But some simple yet search- 
ing tests have thus far, whenever applied, always sufficed to 
expose the delusion. 

493. In illustration of the manner in which these tests de- 
molish the lofty pretensions of this so called science, I will 
give a single example. The exhibitor asserted that whatever 
was in his mind, realized distinctly and vividly, had its image 
in the mind of the subject whom he magnetized, by means of 
the peculiar connection thus established between them. Any 
decided sensation, therefore, which he felt, the subject felt also ; 
and if he fixed his thoughts upon any thing, the subject thought 
of the same thing. I observed that whatever was said by the 
subject, in relation to any sensations or thoughts in the opera- 
tor, was generally in reply to questions on the part of the 
operator himself And as these questions were sometimes 
repeated in various forms before correct answers could be ob- 
tained, I suspected that the information requisite for the answers 
was communicated to the subject in this way. I, therefbrs, 
proposed to the exhibitor to try some experiments triihout 
questions^ as these, according to his theory, were clearly not 
necessary ; for, if there were such a channel of commnnioatiow 
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between bis mind aad that of bis subject as he asaerted, tlia 
ud of the voice was not reauired. The proposition was man- 
ifestly so fair an one that tia could not refuse to comply with 
it. But his experiments performed in this way failed altogether, 
and the audience, caring less for a strict search for truth than 
ibr the continuance of their amusement, showed little roliab 
for the interruption, and. the pseudo-scientidc eKhibition wiini 
on. I applied other tests as I had opportunity, which developed 
the evidence of imposture here and there in the exhibition, and 
though many sober and intelligent citiEena were deluded with 
the belief that they had enjoyed it rational and truly scientiiia 
amusement, I h^ no doubt that the whole was a piece ot 
jugglery. There was one feature in the exhibition, which of 
itself was enough to condemn it as a ridiculous imposture. The 
operator claimed to have a sort of absolute control over the 
(ubject, so tbat at will he could hold him in a connection with 
himself so insulated that no impressions could be imparted to 
him by any other person, and yet could dissolve this connection 
and put him into connection with some one else, with as much 
boili^ as a locomotive can be switched off from one track on to 
another. And ridiculous as this shifting of mental connections 
is, this wtts quite as successful with the audience as any part 
of the exhibition. 

494. Some of the phenomena presented in the exhibitions of 
animal m^netism afford interesting illustrations of the influ- 
ence exerted upon the body through the mind. The mental 
influence, exerted by the operator upon his subject, often causes 
a condition of the nervous system, which is analogous to som- 
nambulism, or to some of the forms of hysteria. The manip- 
ulations practiced, the looking the subject intently in the eye, 
the holding of a piece of metal in the hand with Uie eye fixed 
upon it, and other expedients, help to produce the impression 
in the mind of the subject, that a mysterious and resistless in- 
fluence is comiDg from the operator upon bim, and is stealing 
over his system. It is not strange that this should occasion 
such physical results as we often sec, when the mind and the 
nerves are very susceptible. This is the simple explanation of 
all that is positive in what such exhibitions present lo us. There 
is no such thing as a magnetic influence, and animal magnetism 
is a misnotuer. 

495. The state of nervous system oileo produced is not in- 
eonsiatent with imposture any more than hysteria is. As in the 
nervous states exhibited by this disease there is often a strange 
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perversion of the moral mingled with that of the physical, so 
there is also in the state produced by the mental innuence of 
the magnetizer. Accordingly his most available subjects are 
women found here and there in every community, who, through 
this mingled moral and physical perversion, have acquired a 
permanently morbid state of mind, that makes them like to be 
thus petted, and to be the wonder of a gaping multitude. There 
13 often in the exhibitions of animal magnetism self-imposition 
at the same time that there is imposition upon others. In the 
ease of travelling exhibitors there has always been collusion 
enough to stamp the character of jugglery upon the exhibition. 
And in other cases, where both the operator and the subject 
are honest, there is delusion in both, and they impose not only 
upon themselves, but upon each other, as well as upon those 
that witness the performance. 

496. One of the peculiarities of the state of somnambulism 
which is induced by the magnetizer, is the ready obedience of 
the mind of the subject to suggestive influences. It is alive to 
any suggestions which come from the mind to which it supposes 
itself bound by a magnetic spell, and is often in &ct shut up to 
influences from that source alone, so as to be insensible to in- 
fluences from any other quarter. The somnamfiule is possessed 
with one idea, and that an all-absorbing one, because invested 
with such mystery. His insensibility to all that is not in ac- 
cordance with this idea is to be accounted for in the same way 
that we account for the fact, that a wound received in battle 
is often unfelt till the excitement of the battle is over, and other 
similar facts, as alluded to in § 226. This state is often quite 
successfully imitated by impostors ; and sometimes there is a 
mixture of a partial real somnambulism with imposture, similar 
to that which occui*s in the case of the hysterical condition. 
Of course when this mental connection is so easily shifted from 
the operator to bystanders as was described in § 493, there must 
be sheer imposture. Whether there be full somnambulism alone, 
or this in a partial degree and mingled with deception, the in- 
fluence of the principle of suggestion is very apparent Nothing 
can be done without questions. Leading questions suggest 
ideas to the mind of the subject, and an audience led on by 
'ove of the marvellous and the exciting, are readily satisfied by 
the coincidences that occur in the exhibition, while the ^lures 
are disregarded and forgotten. 

497. In the state of somnambulism induced artificially by 
the do-called magnetizer, as well as in that which occurs from 
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oth&' causes, there is often an exaltation of the powers of th« 
Bensea, Thus, Bometimea a aomiiarabule can resd through en- 
velopes of even many thicknesaea, from an ejialtation of tha 
sense of vision.* But all preCensioDB to reading througti bodiee 
that have no porea or interstices, as metallic substances, or to 
reading trom other parts of the body, as the pit of the storaach, 
or the back of the head, are impostures. So too are all the 
pretensions to seeing what ia going on in otiier places, or inside 
of the body. This clairvoyance, aa it is called, has precisely 
same claim upon our confidence tliat fortune telling has, 
no more. Real searobiug t^sts have always sufficed to ex- 
pose its imposture. 

4!)8. 1 have introduced the above views of what is generally 
called animal magnetism, iu order that you may be prepared to 
apply the proper teats, whenevev such popular delusions claim 
your conSdence. I have introduced them, also, because, what- 
ever real phenomena do appear in the exhibitions presented to 
us under this name, afford some interesting illustratioDs of the 
influence of the mind upon the body. They add auother chap- 
o our view of the myHterious connection of the physical with 

I the spiritual, secured by means of that wonderful apparatus, the 

rservous system. It is from this consideration merely that they 
a the attention of the physiologist. The so-called animal 

. magnetism, when thoroughly sitted is dissipated, and there are 
lefl aa a residuum only a few phenomena, which offer nothing 
particularly new, hut are chiefly interesting from theh analogy 
to phenomena with which we were already familiar. And ita 

%oaat of the discovery of a new medium of mental communica- 

'Cion is, as yon have seen, ectirelv groundless. 

499. In the Chapter on the Kervous System I spoke of the 

•'difierent offices of the different central organs of this system. 
TTbe brain, as you have seen, is more especially connected with 
the mind, and is the gi'eat instrument through which mental 
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mantfestatjons are nmde. But it is only a certain part of tlia 
brain, the cerium, a. Fig. 72, tbat bas tliia Epedal coDoeotion 
with the mind. The eerebellum, b, Pig. 72. it is Bnpposed,i» 
especially devoted to the motions of the body, for it is found io 
animals that it is developed in proportion lo the range and va 
riety of motion. From extended observations on this point in 
comparative anatomy there seems to be good reason to conclude. 
that the cerebellum is the great central apparatus for eombiniag 
the various compound motions of the body. It is uniformly 
found to be larger in those animals tbat have great complica- 
tion in their muscular movemenK than in those in which thuw 
movements are of a simple character. Thua, in aniiiials whose 
most complicated motion is walking, as the hoofed quadrupeds 
the cerebellnra is much smaller, than in those animals that climb 
and tbat take hold of things with their paws. In man it it 
much larger than in any other animal, for he walks erect, and 
thua brings into action a very large number of muscles tn tia» 
delicate tudancing movement (for such it is), and then, in the 
individual parts of the body, eapecially the hand, he executes a 
great range of very complicated movements. It is more devet 
oped in monkeys and apes than in any other of the inferioi 
animala, because, with their capability of extensive \'ariaty of 
posture, and their power of seizing objects with their exl 
ties, they obviously come nearer to man than any other a 
<n the varied combination of their muscular aclion. 

600. The conclusions, thus arrived at by comgiarativfi ol 
vations in animals have been confirmed by experimenta. II 
been found by physiologists, that if the cerebellum be remofedJ'J 
in an animal, with as little disturbance as possible to other parts, 
although the aensibilitiea remain, and motions are performed, 
the power of combining muscular actions in definite compoiu ' 
movements, such as flying, walking, &c., is lost. 

GOl. These conclusions have also been lo some extent^ 
firmed by observation of the phenomena of disease. The b 
mony from this source, however, has not as yet been very deot 
for two reasons. First, because disease in the briun is not apt 
to be confined to one portion of the organ. And secondly itai 
chiefly, because we have not had a sufBoient number of observa- 
tions of cases on this point. It has been observed, however, in 
some interesting cases of chronic disease in the cerebellum, that 
deficiency in the performance of the compound movements of 
the body was a prominent symptom. An umteadineg* of gait 
was remarked in these caaea. The negative teatiraonj- wbJj 
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ase gives us in regard to the office of the carebellum is very 
elusive. The menial phenomena of disease, when it is fast- 
ened npon this particular portion of the brain, show that this is 
not that, part of the organ where the thinking is done. 

BOS. It is chiefly, as you see, by observing the different de- 
Telopraenta of the nervous system in various animals, in con- 
nection with the different functions performed by this syBtera, 
that we can discover tie uses of its different parts. In pursuing 
[Observations of the animal kingdom in this way, we find a more 
Bud more complicated nervous apparntus, as we proceed from 
tiie lower animals up to man. We ^nd part after part added, 
and with every addition of a part we find new functions. And 
study any particular part in rela^on to the functions 

Khioh appear as connected with it, we see that these functions 
V prominent in proportion to the amount of the development 
f the part. Thus, as before staUd, we find the size of the 
erebellum is in proportion to the variety and complication of 
motion in the animal, while that of the cerebrum is in propor 
tion to the amount of intelligence. And in relation to the 
iJerebrura itself we find that the amount of intelligence depends 
on the amount of its gray portion, the vesicular substance. In 
bian, therefore, this part of the cerebrum is very much greater 
than it is in any other animal. It is the difierence in the amount 
of the gray substance which constitutes the grand distinction 
between the brain of man, and that of any of the higher orders 
of animals, for in all other respects bis brain differs very little 
from theirs. 

603. In looking at representations of the brain, as in Fig. 74, 

it would seem at first view that the gray substance, the working 

t of the cerebrum, is much less in amount than the white 

rtion, which serves only for transmission. But this is not so. 

e eye is deceived, because the white substance is all together 

one central mass, while the gray substance is spread out in 
kn external layer. This is very plainly illustrated by Fig. 184. 
Here the area, a, contained in the inner circle, strikes the eye as 
being larger than the area, b, included between the two circles, 
and yet these areas are precisely equal. 

604.- Observe for a moment in this connection the concurrent 
evidence, by which we determine what the fanction of the gray 
■ubstance of the brain is. It comes from two sources. The 
fcst is that which is furnished to us by the structure of the oere- 
'bmm. As stated in g 206 and g 232, the gray portion ia 
taiade up of cells, while the white portion is composed of tubuU. 
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no. 184. 




These tubuli are such as we find in the nerves, and in fact are 
continuous with them. We very properly infer, therefore, that 
as the nerves serve only for transmission, the white part of the 
brain does the same. Is has, therefore, nothing to do with tlie 
thinking, and yet this we know from other facts, (§477 and 
499,) is done in some part of the cerebrum. So we infer 
necessarily that it must be done in the gray substance. And 
here, to confirm the truth of this inference, comes in one otht?r 
source of evidence, viz., the comparison between different ani- 
mals in regard to the correspondence between the amount of 
the gray substance and the amount of intelligence. This I r«j- 
marked upon in § 602, and need not dwell upon it farther. 

505. This dependence of the mental faculties upon the gray 
substance, the outer part of the brain, seems to give some coun- 
tenance to the doctrine of phrenology. But there is no evidence 
from an examination of this substance that it is arranged at all 
in separate organs, as instruments or seats of different faculdes. 
And all the facts which have been collected in regard to the 
external conformation, as indicating the comparative prominence 
of different organs with their faculties, go to show, when properly 
examined, that the mapping out of the brain which phrenology 
does so definitely is altogether a fiction. The question in re- 
gard to this is wholly a question of evidence. For although 
we can see no division of me cortical substance into oi^gans, irfA 
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if the pretensions of phrenology in regard to the results of the 
ext«mal examinstion of heada are weli founded, we must ac- 
knowledge such divisions to exist, though esen the microscope 
cannot reveal to us their boundariea. 

506. It would lead me into too long a discussion to examine 
fully the evidence in regard to these pretensions of phrenology. 
Besides stating the general fact, that the failures in describing 
mental and mora] character from external examiuations of the 
liead are such, when the examination is conducted fairly, as to 
«jdiibit the felaity of these pretensions, I will only allude to one 
or two particular facta, and dismiss thu .labject. In the phre 
nological map of the cranium there are located some half a 
dozen organs along in the region of the eyebrows. Now, you 
irill remember that the frontal sinus extends along in this lo- 
cality. This sinus varies very much in size in different individ- 
nals. It is obvious, therefore, that an external examination 
can give ns no accurate idea of the quantity of brain in that 
locality. Take another point. Phrenologists have always in- 
'■isted that there was the most positive evidence, from examina- 
tions of the head in man and m animals, that certain faculties 
Of propensities have their organs in the locality where the 
'cerebellum lies. But all this mass of vaunted evidence is swept 
Away by the discovery stated in § 499, that the cerebellum is 
'Chi^y concerned in effecting the compound motions of the body. 
I wight go on to examine in this way tlie rest of the evidence 
adduced in favor of the truth of phrenology, and show that 
there is no satisfactory evidence of the correct localization of any 
one of the organs paraded with such definiteness on the cranial 
map of (his so called science. But it would occupy too mucii 

507. The only fact which seems to give any countenance to 
phrenology is that gensral fact, which is matter of common ob- 
Bervation, that the front and upper portion of the brain — that 
which occupies the forehead— -is commonly developed in pro- 
portion to the development of the intellect. This would seem 
to show that the intellectual (acuities have their seat in this 
part of the brain. But it is far from proving this to he si). 
For it may be, that a general enlargement of the cerebrum is 
br some reason accommodated by having the forehead enlarged, 
in preference to other portions of the cranium, For it is evident 
that a brain which is larger alike in all its parts than usual, 
flan, OS it is a soft yielding organ, be equtdly well accommodated, 
vhetlier the cranium be naade of unusual size in only one direc- 
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tion, or in all directions. The fact, that in the child the forehead 
is more prominent than in the adult, is inconsistent with the 
supposition that the intellect has its seat especially in the front 
part of the brain, for the child has more of the instinctive and 
less of the intellectual than the adult I may remark in this 
connection, that the phenomena presented by injuries and by 
disease in this part of the cerebrum, have not, as thus far ob- 
served, seemed to show that it is the peculiar seat of the intel- 
lectual faculties. 

608. The size of the anterior portion of the brain, above re- 
ferred to, may be estimated by the measurement of the faeitd 
angUy so termed, proposed by Camper, a Dutch naturahst 
This angle is formed by drawing two lines as represented in 
Figures 185 and 186. The line, a, b, is drawn from the most 





piominent part of the forehead to the front of the upper jaw 
The line, c, c?, is intended to represent the line of the base of the 
biain, and runs from the oriilce of the ear along on the floor of 
the cavity of the nose. It is manifest that the less prominent 
is the forehead, that is, the less brain there is in the front part 
of the head, the more acute will the angle be that is formed by 
these lines. In Fig 186, which represents the skull of a n^x«, 
this angle is more acute than in the skull of the European, fig. 
185. In animals this facial angle is much more acute than in 
man. In the monkey tribe it varies from 66° to 30°, while in 
man its average is about 75°. The ancient Greeks, wishing to 
give the aspect of great intellectual superiority to their statues 
of deities and heroes, made it in them as high as 90°. 

609. It is proper to remark here, that while it is clear that, 
as a general rule, the amount of intelligence is to some extent 
proportioned to the amount of the cerebrum, both in man and 
m animals, the rule is not an invariable one. Size is frur from 
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:being the only measure of power in this case. WUat differ- 
QDces there tniiy be in iutimate structure, to compare with the 
I mental diffcrencies, vre know not Even where the rule stated 
'«bove holds good, the difTerenM in mere bulk ia far from being 
'■ proportionate to the mental difference. The iniud of a Newton 
■or a Shakspeare is gigantic compared with any common mind, 
■tot the brain in such oases is not vsjy much larger than ordi- 
mary brains. 

510. In relation to the evidence drawn from a comparison 
between different animals, in regard to the functions of the 
.nervous system, there is one signiScant fact which must not pass 
"nnnotioed. Though, as we rise in the scale of animal life in 
^ur observations, we find every new addition of functions coupled 
"with some new additions of structure, until we come to tho 
_ ler animals, loe do not find thin to be so when tee pass from 
tAtm to man. The brain, it is true, is larger in man than it is 
in them, and has much more of the gray substance ; but there 
are uo essential differences of structure in his brain, to oorrea- 
pnod with the added mental qualities which so decidedly dis- 
tinguish him from the brutes. These qualities constitute some- 
thing' more than a difference of decree. It is a difference of 
kind. And, therefore, it is a great and a signiBcant fact, that 
e is no corresponding diSerence of kind in the organization 
of the brain. 

ell. Theqnalities to which I refer I have alluded lain the first 
part of this book (§ 40). They are posseased by every hn- 
inan being to some extent, however debased he may be ; 
'*BDd, on the other hand, they are never possessed by any of the 
inferior animals, however high their mental manifestations may 
ibe, atid howevejr much they may be improved by training, 
Though there be so wide a distance between such minds as 
Newton, and Milton, and Shakspeare, and the lowest reprosenta- 
tve of our race, yet in him are contained the elements of the 
.'extAellence to which they arrived. But no one dare a.ssert thia 
>'to be true of the very wisest of the inferior animals. 

612. The distiuctioa betwoeu man and animals is a definite 
>ne. It is as definite as it would be if it were based upon differ- 
moe of organization. The barrier is fixed ; and not a step over 
It has any animal advanced, with all the tr:iiiiing which may 
IiavQ been eicpended upon him. No animal, however intimate 

■lias his intercourse been with man, has ever acquired man's 
luibit of abstract reasoning, or manifested any real knowledge 
"ef the difference between rigtit and wrong. I'rof. Guyot doea 
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not speak too strongly when he sajrs, "I will even go farther 
than is ordinarily done, and I will say, that there is an impassa- 
ble chasm between the mineral and the plant, between the plant 
and the animal ; an impassable chasm between the animal and 
man,^* Surely if the impassable chasm between minerals and 
vegetables, and that between vegetables and animals, are worthy 
of note when we take a comprehensive view of the material 
world, so also is that which is much more manifest as existing 
between animals and man. When, therefore, the comparative 
physiologist, in his examination of mental manifestations in con- 
nection with physical developments finds, as he comes to man, 
that in him are peculiar and distinctive Cental manifestations 
with no corresponding physical developments, he should deem 
it to be an important fact in science, which should not be slurred 
over, or passed unnoticed, as is often the case. I shall allude 
to certain bearings of this fact in another part of this chapter. 
513. In looking at the facts presented in this chapter and 
in that upon the Nervous System, you must have been oontin- 
vally struck with the intimacy of the union between the mind 
and the body. On this subject I thus remark in another work. 
** There are various figures used to illustrate this connection. 
The most common one is that in which the mind is spoken of 
as dwelling in the body as a habitation. In a certain sense 
this is true. This tabernacle of flesh, as the Bible aptly terms 
it, is in its present state a habitation, which the mind is to leave 
in a short time, to return to it, however, at length, rebuilt and 
refitted in a more glorious, an incorruptible form, to dwell in it 
then forever. But this illustration of the mysterious connec- 
tion of the mind with the body is but a partial one — it does 
not express the extent nor the intimacy of that connection. 
The mind is not a mere dweller put into this habitation. Its 
union with it is not thus loose and easily severed. It is bound 
to its every nerve and fibre, so that the least touch of the body 
at any point affects the mind. Instead of being put into the 
body, it has, being thus interlaced, as we may say, fibre with 
fibre, grown with its growth and strengthened with its strength. 
In the feebleness of infancy the mind is just as feeble as the 
body, and they both grow together up to the vigor and firmness 
of manhood, and both decline together in old age. So close is 
their union through all the stages of life, and so equally is each 
affected by the joys and sufferings of the other, that we might 
justly conclude that at death, when the tabernacle crumbles 
into dust, the mind falls with it never to rise a^ain, bad not a 
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divine revelation told us that, indissoluble as this connection 
appears during life, Almighty power will dissever it, and release 
the soul from the thousand ties that bind it to its habitation, at 
the very moment of its destruction. Were it not for this assur- 
ance of our immortality, we could look forward in the uncertain 
future to nothing but blank, drear annihilation, as awaiting our 
minds, just as it does the minds of the brutes that perish. 

514. In our carefulness to avoid materialism, we are too apt 
to look upon the mind and the body as two separate and inde- 
pendent things. At death they do indeed become so, but who 
of us knows that they would, were it not for the Jiat of the Al- 
mighty? Who knows that there is not a necessity for the 
putting forth of his power in each individual case at the time 
of death, to prevent the mind of man from dying with his body, 
just as the mind of the brute does with his ? The very preva- 
lent notion that the mind is essentially/ indestructible, and that 
it is put into the body as a separate thing, having the power 
of itself to leave the body whenever it dies, rests on no sub- 
stantial proof. That>it is destined thus to leave the body is 
quite another thing."* 

616. The nature of the connection of the mind and the body 
is a great mystery. Still, there are many things which we can 
know in relation to it. The sources of our knowledge on this 
subject are three, viz., the investigations of Physiology^ the tes • 
timony of Consciousness^ and that of Revelation. Each of 
these kinds of evidence throws light upon the others. If, 
therefore, we use all of them, giving to each its due limits and 
force, we shall come to some certain and valuable conclusions. 
But if we take any one of them alone, we shall be liable to be 
led into gross error. 

616. There is in some physiologists a disposition to rely upon 
physiology alone, to the exclusion of the other sources of evi- 
dence, in the investigation of this subject. In doing this they 
are driven to this alternative. Either they must be content 
with a very limited knowledge of the subject, 6r they must rely 
upon mere presumptive evidence for many of their conclusions. 
And commonly the latter is the course which they pursue. 
They are not content with the very limited conclusions to which 
they are shut up by the absolute proof furnished by physiology. 
They boldly reason, therefore, upon what they deem to be 
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probable. And they are invariably led into error. This I pro* 
pose now to show. 

517. In order to get definite ideas of the manner in wnich 
the erroneous conclusions are arrived at, let us view matter in 
its various states and connections. Unorganized dead matter 
you see to be entirely different in some important respects from 
living organized matter. The distinction is a definite one. It 
is easily recognized, and none but dreamers in science have 
failed to see it. Though Robinet and others of his class have 
sought to obliterate it, in carrying out their fanciful notions, 
(§ 48,) and though some have supposed that there was a latent 
me in all unorganized matter, ready to be called into action on 
the application of the appropriate excitants, it is considered by 
all rational observers as a settled point, that there is an essential 
distinction between common dead matter and living matter. 
The latter is endowed with certain properties that the former 
has not. They are termed vital properties. They control to a 
certain extent the mechanical and chemical properties which 
both forms of matter have in common. Some suppose that 
what we call life is a single principle ; but others suppose the 
endowment to be compound, made up of different principles or 
properties. But this question we need not discuss. All that 
concerns the view I am presenting is the mere fact of the en- 
dowment. 

618. Let us go a step farther. Some living beings have more 
endowments than others. All have those of organic life in 
common (§ 32). But there is an animal life also, which by 
means of the nervous system is superadded to the organic. 
And, as we trace the animal kingdom from the lowest animal 
up to man, we find the endowments connected with this system 
multiplied as we advance, till in him they are more complicated 
and extensive than in any other animal. This is especially true 
of intellectual endowments, those which are merely instinctive 
being more developed in many, perhaps we may say most, of 
the inferior animals. And in man we find special mental 
endowments, of which other animals present not the faintest 
trace. 

519. Now the question arises, whether intelligence is like 
life, a mere endowment of matter, or whether it is in some 
measure independent of it. In other words, whether it is a 
principle or set of principles with which matter is endowed, or 
an immaterial something which acts through matter as its in- 
Btrument. How much does bare physiology teach us on this 
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qneatiott? It has often been claimed that it can teach ua much, 
and the most bold conclasioQa have sometimes heen ventured 
from this quarter. But mere apeculation has in all such c 
been deemed to be proof. Physiology docs show us, as I have 
before said, that the spiritual is in this world always connected 
nith the material, aod that mind never acta independently of 
the mattor with which it is connected in the brain. But it 
gives us no light upon the nature of this connection. It ia 
well for us to know how deficient are ita teachings on this point. 
For all that it can teach us, we know not but that the mind 
may be a mere result of action in matter. It neither f^lla ua 
that it is so, or that it is noL It leaves us entirely in the dark 
on this point. Indeed so far as it affords presumptive evidence, 
it appears to teach, that mental pheuoineiia are results of mat- 
ter, acting in consequence of certain eodowmenta or tendenoiea 
imparted to it, just as secretion is in living aubstancea, or chem- 
ical action in those which are not living. Accordingly those 
who have relied upon physiology alone on this subject, have 
adopted various forms of miiterialisra. Some have supposed 
that thonght is a mere product of matter, and that the brain 
secretes it as the liver secretes bile. Others have taught that 
the mind is "a bundle of instincts," each residing in some par- 
tioular part of the brain as its organ. This has been the doc 
trine of some prominent phrenologists. 

520. Let us look at living matter in another point of view, 
and see to what physiology alone, if at all venturesome in draw- 
ing conclusions, will lead us. Let us look at the origin and 
growth of the thinking animal. Take, for example, an animal 
Die formation of which we traced in the Chapter on Cell-Life, 
§ 210. The beginning of the bird as it forms in the egg is a 
simple cell filled with a fluid. This produces other cells, and 
soon the organs and the limba of the animal are formed. At 
length the unlmal bnrsls the shell, and comes out not only a 
living and sentient being, but a thinking being, Itii.is a mind 
vhioh feeU desires and emotions, and prompts the muscles to 
action to effect ita pnrposea. Organization here precedes the 
development of mind so far as we can see, and thei'elbre it would 
Mem that mind is a result of organization. Especially doea 
this appear to be so, when we find that the amount of mind in 
different animals is proportioned to the amount of a certain part 
of the organization, the brain. All this is as true of man as it 
19 of other animals. And besides, we see in man that as the 
organization becomes perfected, ibn intelligence is proportions 
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bly increased. In infancy, when the organization of the braiD 
is imperfect, the intelligence is small in amount, and grows with 
the growth, and strengthens with the strength of the brain. 
And as the mind thus grows with the body, it appears to perish 
with the dissolution of the organization, and in the case of the 
inferior animals undoubtedly does so. 

521. But it may be said, that the physiologist observes that 
the mind designs, and devises means to carry out its designs, and 
this shows that there is an immaterial principle that moves the 
machinery of the material organization. This is a plausible 
view of the subject, but it is only plausible. Physiology alone 
cannot prove it to be a correct view. For, if we limit ourselves 
to her teachings alone, it can be made tq appear by the same 
line of argument, that mind is at work in all the phenomena 
that we see in living beings. In the formation of any part, as 
you saw in § 163, in the Chapter on Formation and Repair, 
the formative vessels work after a fixed plan, and cooperate to- 
gether to accomplish the object They seem to act intelligently, 
as if they had a mind by which they designed, and devised 
means for carrying out their designs. And the formative and 
other vessels thus act together, proportioning means accurately 
to ends, not only under fixed and regular circumstances, but they 
do so under varying circumstances, to meet exigencies. Thus, 
when an artery supplying a limb is tied, § 169, the formative ves- 
sels enlarge the arteries in the neighborhood, in order that the 
blood may be supplied to the limb in suitable quantity. That is, 
they construct after a larger pattern to meet the new want, just 
as if they were informed of it and acted accordingly. Take 
another example afforded by the formation and discharge of an 
abscess, as described in § 170. In this case, as the abscess 
forms, various operations are going on, with different sets of 
vessels cooperating together to effect a common purpose. And 
when the abscess has made its way to the surface, and dis- 
charged itself at an outlet, a change comes over the operations, 
in order to restore the part to its usual state. The different 
vessels accommodate themselves to this change, as if they were 
intelligent workmen, acting in conformity to a design or plaa 
of their own, upon which they had agreed. Other examples 
might be cited, both from vegetable and animal life, all showing 
design and cooperation in effecting purposes. 

522. In such phenomena we see a striking analogy to those 
of instinct, and even to those of intelligence also. It is this 
analog which has led some in their speculations to adopt the 
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Idea that life and soul aro tha same thing. Hence, too, many 
phenomana in vegetable life are in cammon language often 
called instinctive Thus, it i^ «aid, that when a seed aproutu, 
the i^>ots instinctively seek the ground, and the stalk and branches 
instinctively seek the air and the light. This is even the case 
sometimes when the seed is placed at some little diatauce from 
the ground. So, too, if a plant that naturally grows in wet 
ground is put into dry soil, bat in the neighborhood of a wet 
■pot, it shoots forth roots abundantly towards this spot, rather 
ttian on the other side. 

G23. But the evidence from physioiogy does not all tend to 
materialifim. There is some negative evidence which has a 
di^rcnt bearing. L refer to the fact stated in § 510, viz., that, 
while man diHfera in his spiritual nature so widely and so spe- 
dScally from the inferior animals, his brain eichihits no corres- 
ponding specific difference in stnicture, but only a difference id 
amount. The difference in degrees of intelligence in the animals 
below man is marked by a corresponding difference in the 
nmounts of the gray substance. And if it were true that man, 
.as some think, differed from them only in having a higher de- 
gree of intelligence, we should expect to find in him a mere 
increase of this substance. But as his mind differs from theirs 
not merely in d^ee, hat in kind also, we should have reason 
to expect, if mind were wholly dependent on oi^niKation, that 
tlie anatomist would find not only an increase in the quantity 
of the gray substance, but also s difference in its structure. 

524, But strong as this evidence is, it appears to be strongly 
rebutted, perhaps almost overborne, by the other evidence whidt 
f have cited from physioiogy. And the physiologist might 
perhaps say that, although as yet no difference of structure has 
tieeu found that corresponds with the mental difference, future 
investigations with the microscope may discover some subtle 
difference of structure which now escapes our notice. But this 
it must be allowed is not at all probable, On the whole it mav 
beremarked, that the fact of which I have been speaking, althougn 
significant and valuable as being coincident with evidenoa drawn 
from the other Sources, yet considered simply in connection with 
tile pbysiolc^ical evidence, the evidence from the other sources 
being wholly shut out, it is doubtful how much weight it ought 
to have. The physiological evidence, taken by iteelf is con- 
flicting, and looking at the whole scope of it, the preponderance 
tnnst be acknowledged to be towards materialism. 

525. It is quite clear then, that the physiologist cannot well 
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avoid materialism, i^ in examining the connec^on between th« 
mind and the body, he rejects all evidence b^ide that which 
physiology furnishes. He can be saved from this result only by 
being content with the narrow limits, to which he is shut up, if 
he confine himself to absolute proof. As we have already seen, 
the positive knowledge that physiology gives us on this subject 
is exceedingly narrow. We soon come to the line that divides 
between the known and the supposed. And if we attempt to 
go beyond that, our conclusions as to what is probable witt 
quite certainly lead us to the result which I have pointed out 
The need, therefore, of the evidence drawn from the other 
•ouroeB that I have mentioned is most palpable. The physiol- 
ogist must confess himself to be under the neoessity^ of going 
out of his physiology, in order to learn all that can be learned 
upon this subject. At the bett, there is much mystery in lela- 
lion to it which we eannot p«»etrate, with all the light that we 
can bring to bear upon it. And the mystery is deep indeed, 
when we call to our aid only the dim light of physiology. It 
needs some other light to deliver us from the confusion of ideas, 
into which we are introduced by the analogy existing between 
the phenomena of life and Jnstinct and intelligence, in relation 
to their connection with the organization of matter. Let us 
look then at the evidence which comes from the other two 
sources, viz., our consciousness, and revelation. 

626. Every individual is conscious that, as he feels and thinks 
and acts, he, that is his mind or spirit, acts upon the structure 
of his body, and is acted upon by it. It is not a consciousness 
that he as a material body does all this. He feels that it is a 
power within that does it, and he instinctively separates in his 
ideas the power from the diflferent parts of the body, and from 
the body as a whole. He is conscious too of a responsibility in 
relation to the thoughts and acts of the spirit within. He has 
a knowledge of right and wrong, and has self-reproach on doing 
wrong, and self-approbation on doing right. It is this conscious- 
ness of a self-acting immaterial spirit in this material body, that 
constitutes the basis of all character, and of all the moral rela- 
tions of man to his fellow man, and to his Maker. Every body 
acts upon the testimony of this consciousness as being valid and 
certain testimony. And, however the physiologist may reason 
about matter and mind, as if the latter were a mere product or 
endowment of the former, yet as a man, as a member of sociefy, 
as a subject of government and law, he cannot avoid acting 
upon the ground, that mind in a certain sense controls maltfli^ 
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ftad is responsible for its acts independently of the matter with 
which it is conaect^ci. 

527. Now the evidence which this consciousness' affords ae 
should suffice to keep ua from the materialism, into which plm- 
iology taken alone would be apt to lead us. It shoivs us that, 
although the mind is developed with tbe material organisation, 
and can act only with it, it is not its mere product, nor one of 
its endonmeuts. It shows ua, on the other hand, that it is in 
Bome measure independent of inutt«r, and that il« dependence 
upon it is only a dependence of conneulion, matter being the 
inatrumeut of mind, through which it acts on external things, 
and is acted upon by them, The evidence from this source is 
of a positive character. We are driven by it to the alternative, 
of believing that the mind is an immaterial, self-acting agent, 
in some measure independent of matter, or of harboring tbe 
impious and moustrona belief, that the Creator has implan[«d 
in the bosom of man a lie, and that he is living a horrible iarce, 
noting in view of moral relations and responsibibtJes that have 
no existence. 

628. This positire testimony of our consciousness is confirmed 
by the testimony of revelation. This is not done by any formal 
array of proof. The eiustence of the spiritual part of man aa 
a self-acting responsible agent is assumed as a fact that needs 
no proof. All the statements, and tesohiugs, and appeals of the 
Bible recognize it as a fact known to the consciousness of every 
man. The Bible, tberefore, may be considered as simply affirm- 
ing that the testimony of our consciousness on this noint is 
valid testimony. But the Bible goes farther than tnia. It 
gives us one great fact of which neither physiolo^ nor our con- 
aciousness could assure us. I refer to the miud s immortality. 
Our consciousness could, it is true, give us presumptive evidence . 
lo show that the soul with its high powers and aspirations is to 
live after the death of the body. But it could furnish us do 
absolute proof of the fact. And its presumptive evidence would 
be effectually rebutted by the presumptive evidence from physi- 
ology, which, as you have seen, points in another direction. 
We are ao familiar with the mind's immortality aa a known fact, 
aud we so uniformly think of it in connection with the death 
of the body, that we are not aware ho)r absolutely dependent 
we are upon revelation for all that we know in relation to it. 
If there were no revelation, and death were to us an unknown 
event, and we were now for the firet time called upon to witness 
tha death of a friend, bow little should we know, and how cott> 
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fused would be our thoughts in relation to the great mysterr 
before us! "What is it?'* we should ask. "Is it sleep?*' 
No. We liever saw any one sleep thus. What is it ? Who 
can tell us ? " And we should wonderingly watch to see some 
signs of awakening, not giving up all hope till decay begins its 
ravages on the loved form before us. Then, as we should from 
the dictate of nature, consign to the earth the friend who was 
so recently among us a breathing, moving, speaking man, noii? 
A mere mass of decaying matter, we should feel that we bury 
there not the body only, but all that -belonged to that body 
during life — ^the whole man. Thought and feeling, as well as 
life and motion, would appear to us, untaught of God, to be 
extinguished in the grave. Even if some one should utter all 
tremblingly the hope, that there might be a subtle spiritual 
part of our friend, that would some time in some form return 
again to our society, that hope would at once be crushed by 
the reflection that whatever it was in our friend that thought 
and felt, it came into existence with the body, was infantile 
when the body was, grew with the growth of the body, and 
strengthened with its strength, and therefore now, so far as we 
can see, has perished with it. Nature utters no voice to tell us 
otherwise. She emits no light to illumine the grave. Dark- 
ness and silence rest there, till the light of revelation shines 
upon it, and God proclaims man's imraiortality. 

629. I have thus spoken of the three sources of evidence in 
regard to the connection of the mind and the body, and have 
indicated the character of the evidence furnished by each. I 
have shown particularly that if the attention be confined to that 
which is furnished by physiology, the mind is apt to be led into 
materialism. But the attention should not thus be confined. 
All the three kinds of evidence should be employed and should 
be brought to bear upon each other. If this be done, the dis- 
crepancies in the evidence from physiology are cleared up by 
the evidence afforded by consciousness and revelation, and we 
see the true value and bearing of the fact, that the specific men- 
tal difference between man and animals is not attended with a 
corresponding structural difference. Though this fact operates 
merely as conflicting evidence, when taken simply in connection 
with the rest of the facts developed by physiology ; when, we 
come on the other hand, to take the whole range of evidence 
from the three sources spoken of, it is exceedingly satisfactory as 
concurring with the testimony of consciousness and reveladon. 
At the same time, those physiological phenomena, which takea 



by tbemselTes seem to show so Gtrongly that the mind k wholly 
dependent upon organizatjon, are so interpreted by tho evidence 
from the other sources, that the dependence is seen to be for 
the moat part a dependence of connection only, the brain being 
the inHtrument of the mind. 

£30. The evidence iram consciousness and reveUtioD is of the 
moat positive character, and cannot be set aside by evidence 
from any other source. Other evidence may serve to interpret 
it, but cannot nullify it The attempt is sometimea made to set 
it aside by urging the presumptive evidence of physiology, aa 
if it were absolute proof. But moat physiologists engage in no 
such futile and unchristian efTurtsj but give due weight to the 
testimony of consciousness and revelation in all their investiga- 
tions of the mysterious connection of the mind and the bodr. 
The influence of Carpenter, on English physiologist, whose worka 
are more extensively used by students than those of any other 
physiologist, is especially to be commended in this respect. And 
alOiough skepticism occasionally utters its plausible falsities, de- 
ceiving the superficial and the speculative, tte have no feats 
from present indtcations that the votaries of pbysiological sdence 
will, as a body, be arrayed in opposition to Christianity. 
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DIFFERENCES BEHVEEN KiN AND THE DfEEKIOa AlilKAIfl. 

631. I HAVE already treated Bomewbat of the differences be- 
tween man and the inferior animais in different parts of this 
Dook, and especially in the preceding chapter. But it has been 
domi only iocideutally, and the subject demunds at our hands a 
more thorough and systematic investigation. This I propose to 
ilo in the present chapter. 

632. Lord Monboddo maintained that man is only an im- 
[ provement on the mankey, occurring as a result from the general 
[ tendency to advancement cUimed to exist in nature. He seemed 
\ to think that man bore a relation to the monkey somewhat lika 
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that which the frog bears to the tadpole, as described in § 161^ 
and that as the tadpole becomes the frog, so the race of man 
was produced by a change at some remote period of the crea* 
tion, of the monkey into a man. This ridicnlous notion of the 
erudite but fanciful Scotch philosopher is really but anothef 
phase of the more recent theory of gradation, or deyelopment, 
as it is sometimes called, which in different forms is now advo- 
cated by so many European philosophers. And, although few, 
comparatively, adopt this theory definitely and fully, there is 
quite a disposition among many to obliterate the distinctions by 
which the Creator has in so marked a manner separated man 
from the inferior animals. It is well, therefore, that we should 
have a clear idea of these distinctions. 

533. It is often very loosely said that while man is governed 
by reason, instinct rules in the animal.* If it be meant by this 
that, as a general rule, reason predominates in neran, while in- 
stinct does so in animals, the statement is a correct one. But 
if it be meant that animals are wholly governed by instinct, and 
that man is distinguished from them as a reasoning animal, it 
is not correct. For some animals do reason, that is, if making 
inferences be considered as reasoning. In tracing out the diflfer- 
ences between man and animals I shall not attempt to show 
what the nature of instinct is. This is a great mystery, and all 
attempts to solve it have utterly failed. I shall content myself 
therefore, with pointing out some of the differences between in 
stinct and reason. In doing this it is not always easy to say 
jtst where the one begins and the other ends, so intimately are 
their phenomena often oiingled together. 

534. The actions of instinct are more unaccountable than 
those of reason. In the operations of reason we see something 
of the processes by which realits are reached. But it is n(^ 
so with instinct. For example, as a man travels over an unex- 
plored country, we can understand by what means he obtains a 
knowledge of the country^ in order to guide him on his journey. 
The processes of his reasoning in regard to this we can comr 
prehend. But when an insect travels with unerring certainty 
to its place of destination without any guide marks that we can 

* Some explanation may be well here in relation to the different uses made of the woid 
animal in different connections. Here it is used in contra distinction to mnn. So it ii 
used in the expression, man nnd animals. But as man is in certain senses an animalr 
whenever we wish to recognize this fact we speak of other animals as the inferior tOr 
mals. And thus in regard to animals, we speak of their higher and lower ofdei», Hw 
higher of course being those that approximate nearest to man. 
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tee,* or when a Bwarm of bees oi- a flock of birds wing their flight 
to diatant places, or when bttea constvuct their honey-comb with 
the exactness of matheinatics in obedience to the b^t principlea 
for Buoh a structure, we cannot understand the processes which 
lead to the result. It seems to be produced by an impulse from 
a eanse extraneoua to the animal, guiding it as if it were a mere 
machine. The little intelligence of the animal seems to have 
only an incidental connection with this impulse. It, therefore, 
merely controls somewhat tlie circumstances under which the 
instinct acts. 

635. So little has the intelligence to do with the instinct, and 
■o nearly mechanical therefore are the actiona of the latter, that 
they are governed by an invHriahle rule. It ia as invariable 
alTDost as are the movements of a machine, For tlita rea.°on 
there are no improvements or alterations in the acts of instinct. 
The bird and the bee, for instance, have no change of la^hion 
ia their architecture from age to age. The horiey that fed 
John the Baptist, or that which was found by Samson in the 
carcase of the lion, was deposited in the same hexagonal ceils 
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p.iieBU are constructed after ll 

I pattern. But aonietimes we observe strik- 
ing ]]eculiaritiea to Bubserve some special 
purpose. Fig. 187 represents the nest of 
the Baya, a littla bird of Ilindoostan. It 

, is in the shape of a bottle, and is made of 

Llong grass. It ia suspended from a slen- 

l^r branch of a tree, bo that monkeys, 
Brpents, &c,, cannot reach it. The en- 

' trance to the nest is made on the under 
Mde, so that these animals cannot ent^r, 
wliile the bird itself can readily fly in. It 
is divided into apartments, in cue of wLioh 
the female sits upon the eggs, while in the 
other the male bird "solaces bi» companion 
with his song whilst she ia occupied in ma- 
ternal cares. In Fig, 188 is seen the nest 
of another little eastern bird, which with 
filaments of cotton taken fram the cotton 
plant, sews leaves together with its beak 

-and feet, so as to conceal the inclosed nest 

■from its enemies. 
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S86. While there is no change ia the acts of instinct they 
are marked by perfection. That is, thay are perfectly adapted 
to the purposes to be effected and to the circumatHncee ondei 
which they are performed. The Creator, who directs thi " 
pnlse that governs the snlmal, in this case as well as 
others, accurately fits the means to the ends to be accomplished. 
There is nothing in which thia perfection of instinct ia better 
shown than in the construction of the honeycomb. The cells 
nre made hexagonal, because in this way all the space is occu- 
pied — there is do waste of room. If the celts were made cir- 
cular, there would not only be a waste of room, but a large 
quantity of material would be needed to fill up the spaces I^ 
tween the cells. The difierence can be seen in the two Figures 
180 and 190. Each comb, it is to be observed farther, hat two 




Mts of cells, the ends of one set being arranged against the ends 

of the other in a peculiar manner. These ends are not flat, but 

each one has three plane surfaces, forming with each other a 

particular angle soon to be noticed, and uniting t^ether at the 

centre in a point lu the arrangement of these cells, therefore, 

a cell of one set does not lie end to end with a cell of another 

set. Its three surfaces form a part of 

the bottom or end of three cells of ""■ i"'- 

the other set. This is made clear by 

Pig. 191, in which a cell of one set is 

represented as it abuts against a cell 

of the other set by one of its surfaces, 

its other two sur&ces forming a third 

part of the ends of two other cells. Now it has been found 

tLhat the angle formed at the edge of these surfaces between the 

two sets of cells is such as to secure the greatest strength with 

the least amount of material. It was at one time thought that 
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this was proved to be not exactly true. The variation from the 
correct angle, made out by the calculations of the mathemati- 
cians, was indeed a slight one, but still it was variation enough 
to show, if the calculations were correct, that the workings of 
instinct were not perfect in this case. But the investigations 
of Lord Brougham have satisfactorily shown that the mathe- 
maticians were wrong in their calculations, and that the bees 
are right. 

637. The perfection of the operations of instinct is shown in 
the most wonderful manner in the regulation of communities of 
animals. Here we see cooperation to produce results effected 
through an irrational, and therefore in some measure a blind 
instinct. This social instinct is most extensively exemplified 
among the insect tribes, as for instance the bee and the wasp. 
The structures, resulting from the codperation of multitudes of 
little laborers guided by this instinct^ are very interesting. I 
shall allude to but a single familiar example, the construction 
of the nests of wasps. These insects make their building ma- 
terial from the fibres of old wood. These they convert by mas- 
tication into a pulp, which made into a thin layer, becomes firm 
like paper. It is indeed a process very much like the common 
process of paper-making invented by man, and the first rude 
inventor may have got his idea from the insect. With this 
substance the wasps build several ranges of cells, which are 
hexagonal, like the cells in the comb of the bee. These ranges 
of cells are placed parallel to each other, at regular distances, 
with littie supporting columns between them, as seen in Fig. 
192. 

The number and variety of instincts of the ordinary hive bees 
are very wonderful, but it would occupy too much space to de- 
scribe them. 

538. The wonderful cooperation of animals in obedience to 
social instinct, in the building of habitations and other struc- 
tures is seen in several of the mammalia. But it is most won- 
derful in the beaver, the following description of whose habits 
in this respect I take from Carpenter. " During the summer it 
lives solitarily in burrows, which it excavates tor itself on the 
bordei-s of lakes and streams ; but as the cold season approaches 
it quits its retreat and unites itself with its fellows, to construct, 
in common with them, a winter residence. It is only in the 
most solitary places. that their architectural instinct fully devel- 
ops itself. Having associated in troops of from two to three 
hundred each, they choose a lake or river, which is deep enougli 



lo prevent its being jrozen to the bottom ; and thejr generaUy 
prefer running streams, for the suke of the (x>nvenieD(« whicb 
these afford in the transportation of the materials of their erec- 
tion. In order that the water may be kept up to a uniform 
laighl, they begin by constructing a sloping dam ; which they 
form of brancheB interlaced one with another, the intervals be 
tween them l>eiug filled up with stonos and mud, with which 
materiala they give a coat of rough-caat to the exterior also 
"When the dam passes across a running stream, they make it 
convex towards the current ; Ly which it is caused to possesi 
much greater strength than if it were straight This dam it 
usually eleven or twelve feet auruss at its base, and is enlarged 
«verj year; and it frequently becomes covered with vegetation 

as to form a kind of hedge, 

689. When the dam is coiopleied, the commuj.ity separate* 
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into a certain number of families ; and the beavers then employ 
themselves in constructing huts, or in repairing those of a pre- 
ceding year. These cabins are built on the margin of the water; 
they have usually an oval form, and an internal diameter of six 
or seven feet. Their walls are constructed, hke the dam, of 
branches of trees ; and they are covered, on two of their sides, 
with a coating of mud. Each has two chambers, one above the 
other, separated by a floor ; the upper one serves as the habita- 
tion of the beavers, and the lower one as the magazine for the 
store of bark, which they lay up for their provision. These 
chambers have no other opening,, than one by which they pass 
out into the water. It has been said that tiie flat oval tail of 
the beavers serves them as a trowel, and is used by them in 
laying on the mud of which their erections are partly composed ; 
but it does not appear that they use any other implements than 
their incisor teeth and fore -feet. With their strong incisors they 
cut down the branches, and even the trunks of trees which may 
be suitable ; and by the aid of their mouths and fore-feet, they 
drag these from one place to another. When they establish 
themselves on the bank of a running stream, they cut down 
trees above the point where they intend to construct their dwell- 
ings, set them afloat, and, profiting by the current, direct them 
to the required spot. It is also with their feet that they dig up 
the earth they require for mortar, from the banks or from the 
bottom of the water. These operations are executed with ex- 
traordinary rapidity, although they are only carried on during 
the night. When the neighborhood of man prevents the 
beavers from multiplying to the degree necessary to form such 
associations, and from possessing the tranquillity which they 
require for the construction of the works just described, they 
no longer build huts, but live in excavations in the banks of the 
water." 

640. Instinct moves straight on to its result, and it does so 
blindly. It exercises no intelligence in regard to the purpose 
for which the result is intended, or the circumstances which 
tend to defeat this purpose. It evidently in some cases never 
knows any thing of the purpose aimed at by its acts, as, for ex- 
ample, when an animal makes provisions for a progeny which 
it is never to see. " It is scarcely possible,*' says Carpenter, 
" to point to any actions better fitted to give an idea of Uie na- 
ture of instinct, than those which are performed by various 
insects, when they deposit their eggs. These animak will nevef 
behold their progeny; anl cannot acquire any notion from ex- 
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BnulD or iutlmil mlnglnl with Ihcus of mnn. 

jperienoe, therefore, of tbat which tbeir eggs will produce ; never- 
helesa they have the remarkable babit of placing, in the neigh- 
borhood of each of IheHe hollies, a supply of aliment fitted for 
the nourisbmeiit of the larva that is to proceed from it ; and 
3 they do, even wheu they are themselves living on food of 
■Q entirely different nature, such aa would not be adapted for 
tb6 larvft. Thof cannot be guided in suuh nctions bj any thing 
like reason; for the data on which alone they could reason 
oorrectly, are wanting to them; bo that they would be led to 
conclusions altogether erroneous if they were not prompted 
by an unerring instinct, to adopt the means best adapted for 
(he attainment of the required end." 

641. The results of reason are often mingled with those of 
instinct in such a way that it b difficult to distinguish them 
n each other. But instinct is of itself wholly irrational. 
If it were not so, it would avoid acting whenever action would 
evidently be useless. But instinct has not the eyes of reaaou 
ko see when this is the case. It leads the animal blindly on; 
10 that, although under all oTdinanj circumstances the object 
(s accomplished definitely and in the best manner, yet there is 
capability of making provision for txlraordinary circum- 
■tances. Therefore, actions are occasionally performed, which 
D not at all answer the purpose which the instinct is designed 
D effect. Instinct, though perfect in its action under the fixed 
iniform circumstances under which it is destined to act, is a 
□ntl of blunderer when irregular circumstances arise. Instinct 
S a slriot routinist, while reason readily accommodates itself 
io endlessly varying circumstances. In illustration of the 
Above characteristic of instinct, I will cite a few es^amples. 
The hen will sit on pieces of chalk shaped like eggs, as readily 
te she will on the eggs themselves. Her instinct is so blind 
B to be deceived by this general resemblance, The flesh-fly 
*ften lays its eggs in the carrion- flower, the odor of which is 
BO mnch like that of tainted meat as to deceive ttie insect. 
Aji amusing illustration of the blind disregard of circum- 
•taneea in following out the promptings of instinct is given by 
ft gentleman, Mr. Broderip, in an account of a beaver which 
he caught when very young. As soon as it was let out of its 
cage, and materials were placed in its way, it began to build 
After the fashion followed by these animals when they construct 
tbeir dam in a stream of water and build their habitations in its 
banks. "Even when it was only half grown," says Mr. B., "it 
would drag along a large sweeping- brush, or a warming-pan, 



t. 
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grasplDg the handle with its teeth, so that the load came over 
its shoulder ; and would endeavor to lay this with other mfr 
terials, in the mode employed hy the beaver when in a state 
of nature. The long and large materials were taken first; 
and two of the largest were generally laid cross- wise, with one 
of the ends of each touching the wall, and the other ends pro- 
jecting out into the room. The area formed by the cross- 
brushes and the wall, he would fill up with hand-brushes, rush- 
baskets, books, boots, sticks, cloths, dried turf, or any thing port* 
able. As the work grew high, he supported himself on ms tail, 
which propped him up admirably ; and he would often, after lay- 
ing on one of his building materials, sit up over against it» ap- 
pearing to consider his work, or as the country people say, 'judge 
it.' This pause was sometimes followed by changing the positiim 
of the material judged ; and sometimes it was left in its place. 
After he had piled up his materials in one part of the room, 
(for he generally chose the same place,) he proceeded to wall 
up the space between the feet of a chest of drawers which stood 
at a little distance from it, high enough on its legs to make 
the bottom a roof for him ; using for this purpose dried turf 
and sticks, which he laid very even, and filling up the interstices 
with bits of coal, hay, cloth, or any thing' he could pick up. 
This last place he seemed to appropriate for his dwelling; the 
former work seemed to be intended for a dam. When he had 
walled up the space between the feet of the chest of drawers^ 
he proceeded to carry in sticks, cloths, hay, cotton, &c., and to 
make a nest ; and when he had done, he would sit up under 
the drawers, and comb himself with the nails of his hind feet" 
I simply remark in relation to this amusing narration, that you 
can see at once that if the instinct of this animal had been at 
all rational, it would not have impelled him to construct a dam 
and a dwelling in a common room, where they would be of 
no use to him. , Reason would have dictated tiie building d 
a nest and nothing mpre. 

642. The care which animals exercise in relation to their 
progeny seems to be governed to a great extent, perhaps wholly, 
by a blind instinct. All care is given up when care is no longer 
needed, and with it what appears to be affection is given up 
also. In animals there is no such lasting affection of the pa- 
rent for the progeny as there is in man ; for in them it ii 
merely instinctive, and not rational and moral in its character, 
and i^ therefore, lasts only so long as it is needed to carry out 
the purposes for which this particular instinct is designed. 
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Indeed, in some cases there can be no affection in all the cAre 
which is instinctively exercised by the parent, for it is put forth 
for progeny which, as stated in § 540, the animal is destined 
never to see. And in those cases among animals in which the 
(kmily state exists, it is a mere temporary affair, and as soon 
as the offspring is able to take care of itself it is no more to 
die parent than any other animal of the same tribe is. 

543. But some animals jiave intelligence as well as instinct. 
When this intelligence is shown in the mere power of imita 
tion it is of a low order. The parrot that learns to imitate 
man in speech is nothing like as intelligent as some animals 
that have no such power. Some animals have really a reason- 
ing intelligence — that is, they make rational inferences. Their 
reasoning is sometimes, as before remarked, so mingled with 
the operations of instinct, that it is difficult to distinguish them 
accurately. In the case of the beaver related in §541, who 
labored so faithfully in obedience to a blind instinct, there was 
some exercise of reason, as, for example, when he "judged '* 
his work. But it is difficult to point out definitely the line 
between instinct and reason in such a case. There are some 
animals, however, in whom the workings of a reasoning intel- 
ligence are to be seen with perfect distinctness. But their 
reasoning differs from that of man. The inferences which the 
reasoning animal makes are individual ; while man goes be- 
yond this, and makes general inferences, and therefore dis- 
covers general truths. Newton's dog. Diamond, saw apples 
fall to the ground, as well as his master. And he was capable 
of making some inferences in regard to them ; but they were 
individual inferences. For example, if an apple-tree were 
shaken, and the dog were hit by a falling apple, whenever he 
saw other apples falling he would infer that he might be hit 
again, and would infer also that it was best for him to get out 
of harm's way. This would be the extent of his reasonings. 
But his master inquired into the cause of the fall of the apple, 
and by considering this and other similar phenomena, he de- 
duced general principles, which govern the movements both 
of the atoms, and the worlds of the universe. 

544. The inferences which are formed by animals are mere 
results of the association of ideas, and the process, therefore, 
really hardly merits the appellation of reasoning. Thus, in 
the case of Newton's dog, supposed above, the idea of the fall- 
ing apples was associated in his mind with the hurt experienced 
wlien be was hit, and prompted the getting out of harm's way. 
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When such associations are extended and complicated, it ap- 
pears at first thought as if the animal acted in view of general 
truths, arrived at by the same process of reasoning that man 
employs. But it is a mere extension of mental associations. 
Thus, Newton's dog probably associated the idea of being hit 
and hurt with other felling bodies beside apples. And so, too 
various circumstances might come' to be associated with the 
falling of bodies, and thus complicate the mental process which 
occurred when he saw any object falling near him. 

.545. To show somewhat the extent to which this mental 
association operates in the brute mind, I will allude to some 
examples. A wren built its nest in a slate quarry, where it 
was liable to great disturbance from the blastings. It soon, 
however, learned to quit its nest, and fly off to a little distance^ 
whenever the bell rang to warn the workmen previous to a 
blast. As this was noticed, the bell was sometimes rung when 
there was to be no blast, for the sake of the amusement in 
seeing the poor bird fly- away when there wa8 no need of alann. 
At length, however, it ceased to be deceived in this way, and 
when it heard the bell ring it looked out to see if the workmen 
started, and if they did then it would leave its nest. In thii 
case the bird merely learned to connect in its mental associa- 
tions two circumstances with the blasting, instead of the one 
from which it at first took the warning. The operation of 
this mental association is shown in a little different manner in 
the following case. Some horses in a field were supplied with 
water in a trough which was occasionally filled from a pump. 
As the supply was not always sufficient, one of the horses, more 
sagacious than the rest, whenever he, on going to drink, found 
the trough empty, pumped the water into it by taking hold of 
the pump-handle with his teeth, and moving his head up and 
down. The other horses seeing this, would, whenever tbey 
came to the trough and found it empty, tease the one thai 
knew how to pump, by biting and kicking him, till he would 
fill the trough for them. In this case the horse that did the 
pumping associated in his mind the motion of the pump-handle^ 
as he had seen it done by his master, with the supply of water. 
And while they associated this supply with his pumping, he 
knew what their teasing him meant, because he associated it 
with their motions about the trough, indicating so plainly that 
what they wanted was water. But I will give a still stronger 
case. A dog belonging to a Frenchman was observed to go 
every Saturday, precisely at two o'clock, from his residence at 
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LoGoyame to Hennebon, a distance of about three quarters of 
a league. It was fbund that he went to a butcher^s, and for 
the purpose of getting a feast of tripe which he could always 
have at that hour on Saturday, their day of killing. It is also 
related of this dog, that at family prayers he was always very 
quiet, till the last paternoster was commenced, and then he 
would uniformly get up and take his station near the door, in 
order to make his exit immediately on its being opened. The 
narrator of these facts thinks that the first fact shows, that the 
dog could measure time and count the days of the week. But 
this cannot be so. The dog undoubtedly associated in his 
mind the time at which he could get the tripe, with something 
that occurred on Saturday at that hour at his master's house, 
just as he associated the concluding of family prayers with 
something that occurred as the last paternoster was read, per- 
haps with some peculiarity in the manner of his master when 
he came to that part of the service. 

4p646. Animals learn the relation between cause and effect by 
this mental association, and act upon the experience thus 
ffained. This is manifest in the examples I have cited. And 
it may be observed in many acts that we witness occasionally 
in the higher animals. Thus, for example, as my horse was 
cropping some grass, he took hold of some tha<. was so stout, 
and yet so loosely set in the ground, that he pulled it up by 
4he roots, and, as the dirt which was on it troubled him, he 
very deliberately knocked it across the bar of a fence till he got 
all the dirt out, and then went on to eat it. Here was a 
knowledge of cause and effect which was derived from previous 
experience through mental association. You see the same 
thing when you see a cat jump up and open the latch of a 
door, or a horse unbolt the stable door to get out to his pasture. 
But in all such cases the knowledge of cause and effect differs 
from the same knowledge in man in one important particular. 
In the animal it is always an individual knowledge, that is, a 
knowledge of individual facts ; while in man it is often a knowl- 
edge which has relation to general truths or principles. 

547. From the facts stated in the last few paragraphs it is 
clear, that Carpenter is not correct in saying, that " the mind 
of man differs from that of the lower animals, rather as to the 
degree in which the reasoning faculties are developed in him, 
than by any thing peculiar in their Ariwc?," While there is much 
in common between them in their modes of mental action, es- 
pecially if man be compared with other animals in the period 



860 HUMAN PHYSIOLOGY. • ^ 

Abstract reasoning source of language and of a belief in a Creator. 

of his infancy and childhood, there is, as you have seen, one 
attribute of the human mind which is wholly peculiar to it, 
and never exists in any degree in any other animal. And this 
attribute, the power of attract reasoning, or in other wordft, 
the power of deducing general truths or laws from collections 
of individual facts, constitutes the great superiority of the hu- 
man mind, in distinction from the mind of the brute. 

648. It is this attribute which is the source of language in 
man. This can be readily seen by observing what is the na- 
ture of language. It is a collection of corresponding vocal 
and written signs of an arbitrary character, arranged accord- 
ing to certain general rules or principles. Other animals do 
have a kind of language of a very limited character. It is 
the language of natural signs. It is composed of cries and 
motions, which vary in diflferent tribes of animals, so that eadb 
tribe may be said to have its own natural language. But an- 
imals never invent and agree upon any arbitrary signs, as is 
done continually by .mankind in the construction and extA- 
sion of language. This they cannot do, because abstract rea- 
soning is required for such an invention. General principles 
are observed in the construction and arrangement of arbitrary 
signs, and, as I have shown, brutes know nothing of principles. 

549. This attribute also is the source of man*s belief m a 
Creator. If he had not the power of deducing general truths 
from individual facts, he could neither discover the truth that 
there is a first great Cause, nor appreciate or even receive it, 
if it were communicated to him. Not the faintest shade of 
such an idea can be communicated to any of the inferior ani- 
mals, however high their .mental manifestations may be, and 
simply because the structure of their mind is such that they 
know nothing of general principles. Carpenter speaks of the 
disposition to believe in the existence of an unseen but pow- 
erful Being, which is found to be universal even among the 
most degraded races of mankind, as a natural tendency, which 
he seems to think is implanted in the human breast by the 
Creator. But it appears clear, that it is a mere natural result 
of the exercise of the power that I have just spoken of. 

550. Man diflers from other animals also in having a con- 
science, or, a knowledge between right and wrong, and a sense 
of obligation in relation to it. This moral sense is supposed 
by some to be a mere result of the exercise of the power of 
abstract reasoning. But others suppose that the sense is im- 
planted as a distinct quality or power, and that the office of the 
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reasoning power in relation to it is to bring the evidence before 
it for its decision. I shall not discuss this point, but will merely 
remark in regard to this subject, that there is no doubt as to 
the existence of such a sense in man. Some attempt to throw 
doubt over it by pointing to its perversions, maintaining that it 
is a mere creature of circumstances, varjdng almost endlessly in 
different parts of the world. But it would be just as rational to 
attempt to show, that there is no such thing as a setose of the 
beautiful in man, by appealing to the evidences of perversions 
of taste, which ignorance, bad education, and foolish and nov- 
elty-loving fashion have induced. 

551. In those cases in animals in which this moral sense has 
been supposed to exist, it is nothing but slavish fear. It has 
been said by some one that man is the god of the dog ; but it 
is sacred trifling to compare the attachment of an animal to its 
master and its fear of his displeasure, with the intelligent regard 
of man for his Creator as a holy and benevolent being. We 
ordinarily recognize the distinction between man and animals, 
as to the existence of a conscience, in the language we use. 
We never attach the idea of moral character to the acts of an 
animal except by the force of association, and then only slightly 
and loosely. We are not apt to speak of punishing a dog, for 
this word implies a moral fault as the occasion of the infliction. 
We whip him, sometimes, simply to associate in his mind the 
smart with the act done, so as to prevent him from doing it 
again, and sometimes to vent our ill feeling for the harm done 
us on the poor dog that has so innocently done it. It is related 
of Sir Isaac Newton that he had a favorite little dog called 
Diamond, who being left in his study, overset a candle among 
his papers, and thus burnt up the almost finished labors of many 
years, and yet the philosopher only said, " Diamond ! Dia- 
mond 1 thou little knowest the mischief thou hast done." New- 
ton was both a wise and a good man, and while he saw that 
whipping the dog would do no good in preventing any similar 
accident in future, he had no ill feeling to vent on poor Diamond, 
who certainly had a better and more rational master than most 
dogs have. 

552. The mental distinction between man and animals may 
be thus summed up. The animal is governed by instinct, and 
in the higher orders by a kind of reasoning which is based upon 
mental association. Man has, in addition to instinct and this 
lower order of reasoning, the power of abstract reasoning. Ih 
the lower orders of animals proWbly instinct rules alone. Id 

31 
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them there is none even of the limited reasoDin^ which wo seo 
in the higher animals. They have a nervous system with cer- 
tain central organs, but have really no one great central orgau 
that we can call the brain. As we trace the animal kingdom 
upward, we soon find that a brain appears, that is, such an 
oigan as may be considered the chief centre of the nervous sys- 
tem. And then, as we continue to trace upward in the scale, 
we find that the more intelligence or reasoning there is, the 
more prominent is the brain in proportion to other parts of this 
system. When we come to man the brain is much larger than 
in any other animal, and his intelligence is not only greater, 
but it is of a different character. Not only is the amount of 
his reasoning by association greater than in other animals, but 
there is also superadded, as his grand distinguishing mark, the 
power of abstract reasoning. 

553. Instinct, you have seen, cannot be improved by educa- 
tion. It always acts in the same way throughout the life of an 
animal, and through the succeeding generations of the tribe. It 
has no accumulated experience, either individual or traditional. 
But it is otherwise with the two kinds of reasoning power. 
These can be educated, and they have an experience. But here 
there is a marked diflference between the two kinds of reason- 
ing. The lower kind of reasoning, that of mere association, 
which is the only kind possessed by animals, is altogether in- 
dividual, and is not at all traditional. However wise an animal 
may become, there is no transmission of his wisdom to his 
Posterity. No animal can start from a point of knowledge 
gained by his ancestor, as a vantage ground, and thus make 
greater advances than his predecessors. Each animal, in ac- 
quiring experience as to the relations of cause and effect, has to 
begin at the beginning, and learn every thing for himsel£ The 
higher form of reasoning, that which man alone possesses, is 
absolutely essential to the transmission of experience from one 
generation to another. It is necessary to the transmission even 
of that experience which is gathered by the other power of 
reasoning, as well as that which is gathered by itself. The 
amount of improvement which can be eftected where there 
is only the lower kind of reasoning to act upon, is very won- 
derful in the case of some of the docile animals. The dog, the 
elephant, the monkey, <fec., are familiar examples. By the 
skillful and persevering use of mental association in the training 
of animals, results can be obtained, that resemble very closely 
those which come fi*om man's power of abstract reasoning. 



And ia some cases the aniraal accumulatfla quite a large indi- 
vidual experience. But bis rnce is none the wiser for it. It ii 
sane of it transraitted to another generation. 

654. We Bee then the basis of improvement in man. It if 
not his power of mskinu; inferenoea merely. The brutes do 
thie. It is his power of making general inferences, or. in other 
words, deducing g;enersl laws or principles from individual facU. 
And as this power distinguishes man from the inferior animals, 
so a superior degree of it ordinarily conslitutos the intellecl.ual 
Buperiority of one man to another. This is seen very readily in 
iavendoDS and discovenes. In the case of almost every inven- 
tioQ or discovery, the individual facia upon which it is based 
were known to many others, perhaps even a long time before 
the invention or discovery was made. The merit of the in- 
ventor or discoverer consists in hanug seen tlie available general 
truth indicated by the facts, and traced out its application to 
certain obji'cts to be attained. Thus, to take a single example, 
dairymen and dairywomen in great numbers know the fact, 
that a certain disease, derived from the cow accidentally by in- 
dividuals, prevented them from taking the small pox ; but 
Jenner was the firat to see, that here was developed a ~reat 
general fact, capable of universal application. And thus ,eeing 
the wide scope of the fact, he collected the prooGi of it, and de- 
vised tlie means by which it could be made available to prevent 
the ravages of one of the great scourges of the race. It was 
by the generalizing power of his reasoning that he went bevond 
diurvmen and d^rywomen, and became the disooverp- 

555. It is iniere.iting to observe that while the capabilities 
of instinct are developed rapidly, sometimes almost inslanlane- 
ously, the capabihties of the reasoning power ai'C developed 
gradually. Especially is thiathecasewith the higher reasoning 
power, that distinguish ca man Irom the brutes. The child is 
governed at the first wholly by instinct ; and then a^ he gathers 
knowledge of the world around him through his senses, mental 
assodation comes into play. By the exerciseof the lower kind 
of reasoning, which he has in common with animals, he accumu- 
lates experience of the relation of cause and effect. Thus far 
he is on common ground with animals, that ia, those of the 
higher orders, except ihathcfiddsmorelargelylohia experience 
from mental association than they do. Meanwhile the power 
ofabstractreasoningisgraduallydeveloped, raisinghimupfrom 
the level of the brutes, and introducing him into companion- 
ship with the whole intelligent creation, even with God him- 
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self, whose image he bears in possessing this attribute. Thia 
power of generalizing facts is developed earlier than is generally 
supposed. It is of course feeble at first, and has a narrow 
range ; but it very early shows itself sufficiently to indicate to 
ns clearly, that the child^s mind differs essentially from that of 
the brute. And when disease or original physical defect pre- 
YOUts its development, we see the mental deficiency, and the 
consequent resemblance of the child in mental character to iha 
mferior animals. 

666. When this characteristic power of the mind of man is 
fully developed, its achievements are often so wonderful, that 
they give us some realization of the great truth, that man v 
created in the image of God. As we witness the demonstra* 
tion of such facts as Newton discovered, or the unerring calco- 
lations of an eclipse, or listen to a perfect argument as it develc^ 
grand truths, and leads us with a majesty of thought almost 
divine, straight on to mighty conclusions, we take in the foU 
meaning of the assertion, that ^^the soul is that side of our na- 
ture which is in relation with the Infinite," and we see the folly 
of those dreamers in science, th^t look upon man as making 
merely the highest order in the animal kingdom. We see that 
the chasm between him and other animals is truly "impassable." 
We see that we are in a mental region of which the most intel- 
ligent of them know nothing — that though they live like us, 
having the same senses, seeing the same beautiful things, and 
hearing the same voices of nature, and like us have thoughts 
and emotions and desires, they are shut out from an upper region 
of thought and feeling in which we freely roam, and from which we 
look with aspirations unknown to them to another world beyond. 

667. As the mental capabilities peculiar to man are slowly 
developed, so it is with his physical frame, and the powers that 
belong to it. Though man at length so excels all other animals^ 
that they are subject to his power as their master, he is at the 
first the most helpless of all animals. He is a long time *^ in 
the nurse's arms," and for years he is unable to obtain his own 
food. He does not reach the full strength of his body and 
mind till he is more than twenty years of age. He is in strong 
contrast with other animals in regard to this slowness of devel- 
opment, they generally reaching their full capabilities in a short 

ime. But even among them, it is to be observed, that there is 
a difference in this respect, in obedience to a general law, that 
the higher the capabilities are, the slower they are in their da- 
velopment. 
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Difference between man and animali in physical endowments. 
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668. The differences between the physical endowments of 
man, and those of the higher orders of animals, are often very 
minutely described. But though strongly marked, too much 
prominence is ordinarily given to them. They should be con- 
sidered as subordinate altogether to the mental differences. 
Thus, much is often said of the superiority of man in regard to 
the possession of a hand, on which I have remarked in various 
parts of this book. But why should be have such an instrument 
^ven to him ? Simply because he has a mind which is not 
only capable of directing it, but which needs such an instrument 
to produce suitable results in its action on the world around. 
11 other animals had a hand they could not use it properly. 
7 bey have instruments of a different character, of less various 
capabilities, but such as are suited to their wants and powers. 
The same thing can be said of other bodily endowments. They 
are always suited in range and power to the wants and mental 
capabilities of the animal. As we trace out this general idea, 
we find that some animals have some bodily endowments which 
far excel the same in man. Thus, some have greater powers 
of vision and hearing than he has, because they need them. 
So, too, some have endowments of which we find no trace in 
man, as, for example, the power of flying. For the same reason 
most animals have special natural means of defense against the 
attacks of other animals ; but man has not, because he has no 
need of them, as by his ingenuity he can contrive such means as 
he may require. 

669. The physical endowments of man in comparison with 
animals are indeed wonderful, and correspond with his spiritual 
endowments, so far as gross matter can compare with subtle 
immaterial mind. We have looked at these endowments in 
detail in various parts of this book. Let us glance at the prin- 
cipal of them collectively. As the muscles are the organs by 
which all communication between man and man, and indeed 
all action upon the external world is effected, it is in the endless 
combinations of muscular action that man is most signally su- 
perior to animals in physical endowment. This is shown, as 
you have seen, in the human hand, whether it be looked at as 
an instrument for work or for expression. The same thing we 
see exhibited almost as strikingly in the muscles of the voice — 
both those which by their deliciite and accurate action regulate 
the vocal ligaments, and those which by their complicated action 
give the voice all its variety of articulation, especially the latter. 
But let us look at the body as a whole. Man walks erect, a 
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significant ciiaraelerislic of him as differing from animals. And 
though there be grace of movement in many animal-a, it is not 
ia any case to be compared witli that which w( sec exhibited by 
the erect human form. The extreme varielyof conibinalionin 
the action of the muscles in man isoiiecauseof this superiority. 
But another and the diief cause is the impress of beauty given 
to graceful action by the mind. Almost all muscular aclion 
speaks to us a laaguage that comes from the thought and feel- 
ing at work within, cvea when it is unintended ; and this is llie 
source of a large portioo of the enjoyment that we I'eceive, ftir 
the mojt part uacouscitiusly, from ilie graceful movements that 
we witness in our fcJlow men. And when in a beautiful and 
graceful Cnrm wo coma ta add to the ordinary movements of the 
body, which are commonly, tliough improperly, cont'idercd as 
me^iningless, those movements iriiieh are distinctively expreat- 
ive of thought and emotion, we an} tilled with admiration of the 
wonderful capabilities of the human ^^me in graceful actioo. 
56D. The human form in repose, 'wben in its greaieet per- 
fection, far transcends, a-t a combination oF varied beauty, any 
thing that we see in the inferior animals. But its superiority 
in this respect id be^t seen when the intelbgcnL and feeiiog 
mind puts it into action. And this ia especially true of llitee 
parts which are ina it engaged in expression — the band will) its 
endlessly varied movements but most of all ihe face. It ia in 
this noblest part of the human fi-ame that the Miul of mail, 
through the subtle agency of ihenerves. most sti-ikingly imprints 
its immaterial qualities upon a material form, and exhibits the 
highest graces of motion in the delicate and ever varying play 
of the muscles. And when in the impassioned speaker, while 
the muscles of the voice and articulation are executing t htir 
exceedingly rapid and complicated movements, we aei ~ 
frame in it^ motions and attitudes brought into conso 
the burning words and the beaming countenance, 
tiie full idea of Uie adaptatjon of the human body b 
that tenants iL Though the hand is commonly spokeD < 
affording the best illuairatien of man's superiority to d ' 
mals in muscular action, it is far from being as itn] 
exhibition of it as this action of the whole frame, 
the mind, through the numberless nerves that connect h 
every part of the body, brings them all into its si 
pression, that we get ^e most exalted conoeption of tha «l 
tflnce of the human organization. 




TARIBIIE8 OP THE HITM AIT RACR 

; Although, as we look at men of different nations, we 
Bud that there is a general agreement in form and organixai- 
tioii, there are many points in which they strikingly differ from 
each other. " With those forms, proportions, and colors," saya 
Mr. Lawrence, " which we consider so beautifiil in the fine fig- 
urea of Greece, contrast the woolly hair, flat noae, thick lips, tha 
retreating forehead, advancing jaws, and black ekin of the negro ; 
or the broad square face, narrow obliqno eyes, beardless 3iin, 
coarse rtraight hair, and olive color of the Calmuck. Compare 
the ruddy and sanguine Ejiropean with the jet black African, 
the red man of America, the yellow Mongolian, or the bi'owa 
South Sea blander; the gigantic Patagonion to the dwarfish 
Laplander; the highly dviliiied nations of Europe, so conspicu- 
'n arte, science, literature, in all that can strengthen and 
I society, or exalt and dignify human nature, to a troop of 
naked, shifering, and starved New Hollanders, a hordo of filthy 
Hottentots, or the whole of the more or less barbarous tribes, 
that cover nearly tlio entire continent of Africa ; — and although 
we must refer them all to the same species, they difier so re- 
markably from each other as to admit of being classed into a 
certain number of great varieties ; but with regard to the pre- 
cise number, naturalists have differed materially." Cuvier ad- 
mitted but three varieties, the Caucasian, Negro, and Mongolian, 
The more commonly received classification, however, is that of 
Blumenbach, who makes five varieties, viz., the Caueaiian, 
Ethiopian, Jdongolian, American, and Malay. 

£02. The chief characteiistic of the Caucasian variety is the 
fine form of the head, it being nearly oval, as you view it from 
the £'ont. It is also characteriEed by a great range of varia- 
tions of the color both of the skin and the hair. There has 
been more of civilization and improvement of every kind in this 
race than in any of the others. It is mentally superior to the 
other races. It is called Caucasian from Mount Caucasus, from 
the vicinity of which, it is supposed, it originated. Even at the 
present day it is said that the characteristics of this race are 
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most perfectly developed in the Georgians and Circassians, who 
live in the neighborhood of this range of mountains, and who 
are considered the handsomest people in the world. 

568. The Ethiopian variety is quite in contrast with the 
Caucasian. The organization has not the perfection and ele« 
gance which the Caucasian presents, and it shows an approii- 
mation to the higher orders of the inferior animals. The skull 
. is small The forehead is retreating, while the fece below is 
projecting, the cheek bones being prominent, and the nose 
broad. The apparatus of the senses is thus fully developed, 
while the brain is less than in the Caucasian. The hair is black, 
oily, and frizzled. It is commonly said to be woolly, but it is 
really not so. Dr. Carpenter says that "' microscopic examina- 
tion clearly demonstrates that the hair of the negro has exactly 
the same structure with that of the European, and that it does 
Jkot bear any resemblance to ipwol save in its crispiness and its 
tendency to curl.'' The skin is generally black ; but not so in 
sdl the race, for the Caffirs and the Hottentots are yellow. 

664. The Mongolian variety, of which the Chinese race forms 
the largest family, is characterized by prominent broad cheek 
bones, flat square face, small oblique eyes, straight black hair, 
scanty beard, and olive skin. 

565. The American variety is characterized by high cheek 
bones, a narrow low forehead, features large and bold, except 
the eyes, which are deeply sunken in large sockets, hair gen- 
erally black, stifl" and straight, and complexion varying from a 
mmson brown to a deep copper. 

566. The Malay variety, which occupies the Islancb south 
of Asia, in the Indian and Pacific oceans, has not so well marked 
characteristics as the other varieties. The complexion is brown, 
varying from a light tawny to almost black, the hair is black 
and thick, the forehead is low and round, the nose is fiill and 
broad, the nostrils wide, and the mouth large. 

567. Other classifications have been made, in some of which 
the human race is divided into many more varieties. Any 
classification must be in a great measure arUtrary, and must 
be regarded rather as a convenience, than as having the defi- 
nite and invariable character which belongs to truly scientific 
distinctions. • In each of the five divisions of Blumenbacb 
there is great diversity. Thus, in the Caucasian variety, th& 
English, the French, the German, the Irish, &c., are quite dis- 
tinct from each other. And we sometimes see very striking 
characteristic marks separating single families from others* Th* 



varietjes of the race are thus almost endless, the lesser differing 
only in degree from the larger. 

568. The national differences are evidently produced bj 
causes of very much the same character with thoa« wiiich pro 
duoe differences in individuals and families. And the questiop 
arises whether such differences aa those which Biuraenbacli de- 
Bciibea as marking the rnces, are not produced in a similac 
manner. Tliis question hae been much discussed, and there is ' 
great difference of opinion in regard to it. The great majority 
of naturalists believe in the unity of the origin of tlie human 
race, and bold that its varieties are the results of the various 
ciraumstancea by which man has been surrounded. But some 
suppose that the different varieties come from separate pairs 
created by God in diffei'ent localities, and hold that the tiiatory 
in Oenesia is a history of the origin of only one of the varieties 
of the race. Those who advocate this doctrine are few in num- 
ber ; but it bas acquired greater currency of late, because oue 
of the most eminent naturalists of the present day, Professor 
Agasaiz. has espoused it. His doctrine on tJiis subject I will 
fpve as briefly as po!sible. 

fiS9. Al! animals, he asserts, like plants, have particular lo- 
calities, for which they are fitted, and to which they belong. 
niiese zoolo^cal provinces, as he terms them, are of unequal 
vxlent, some animals having a wider range than others. From 
this general law of distribution, which he illustrates with many 
facts, be infers that the various animals on the face of the earth 
were not created in one part of the earth and distributed from 
this to other parts, but were created in the provinces to which 
they belong. This view of the subjeet forces itself upon the 
mind of the naturalist, as he observes the arrangement of the 
various tribes of animals on the earth's surface. And besides, 
there are apparently insurmountable difficulties in the way of a 
diffusion of animals over the globe by means of migration. For 
example, we cannot conceive how the polar animds could have 
migrated over the warmer tracts of land, which they would 
have to cross according to this supposition, for it is impossible 
now to keep them alive under such circumstances with the 
greatest precautions. And farther, some animals of t)ie same 
species, sometimes presenting varielJes and sometimes not, are 
/ound in different localities which are so cut off from all com- 
munication with each other, that it is impossible that these ani- 
mals could migrate from some one locality to all the rest. " To 
assume," he renjarka. "that the geographical distribution ' 
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such animaK inhabiting zoological districts entirely disconnected 
with each other, is to be ascribed to physical causers, that these 
animals have been transported, and, especially, that the fishes 
which live, in fresh water basins have been transported from 
place to place — to suppose that perches, pickerels, trouts, and 
BO many other species found in almost every brook and every 
river in the temperate zone, have been transported from one 
basin into another by freshets or by water birds — is to assume 
very inadequate and accidental causes for general phenomena." 
Not only then were difterent species of animals created origi- 
nally in different localities, but it is also true to a considerable 
extent, that animals of the same species occupying different lo- 
calities were created in those localities. 

oVO. All this he claims to be consistent with scripture, and 
with very good reason. The account of the preservation of an- 
imals in the ark, interpreted accoitiing to the common license 
of language, indicates really onl\ uch a preservation, as would 
be necessary for the stocking of that part of the world where 
Noah and his family were, after the waters should subside 
The number and the variety of the animals preserved for this 
purpose would of course be very great, and would, according to 
the common usage of language in narration, be spoken of in 
the terms used in the Bible. TTiis interpretation holds equally, 
whether the deluge be considered as having been partial or 
universal. 

671. The case being thus quite i<5learly made out in relation 
to animals generally, he proceeds to trace an analogy between 
them and the races of man in this respect. He supposes that 
there are certain zoological provinces for the different human 
races, as there are for the different species and varieties of ani- 
mals ; and that these races were separately created in these 
provinces with organizations suited to their peculiar localities. 
While he allows that climate and other influences affect the 
varieties of the hrman race, he claims that they are not com- 
petent to produce them alone; and he infers, therefore, that 
tiiere must have been, as in the case of animals, different original 
creations in the different zoological districts. He accordingly 
claims that the history given in Genesis is a history of the origin 
of only one branch of the human family. He does not sup- 
pose that the different branches constitute different species, but 
are made varieties of one species.* He characterizes mankind 



* The diflferenoe between gpecies and varieties is this. The distinction of species 
upon tfuifie characteristics, that cannot be changed by those influences which tend Ic 
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Bs being every where essentially the same in mental character, 
and alike the accountable subjecta of God's kingdom, notwith- 
standing their multiple origiii. It ia in this respect that ha 
considers them aa being of one brotherhood, and he looks upon 
the expresaion in the Bible, " made of one blood," aa being en- 
tirely figurative, and as referring to " the higher unity of man- 
kind, and not to their supposed connection by natural descent" 

I do not propose to go into a thorough discussion of this 
qui'Btion. This would not be possible iu the narrow limita of 
a chapter. I shall only present a general view of the chief 
facts and ni^metils that bear upon the point at issue. And 
let us look at this subject first iu the light of physiology and 
natural history. 

fi'72. The great majority of pbysiologista and uaturalists, as 
I have before remarked, have thus far been of the opinion that 
the homan race came from one origin, and that the varieties of 
it have been produced by the various infiuene^s to wHich man 
haa been aabjected. These are commonly included m the gen- 
eral expression, climatic and other influence. To be more par- 
ticular, they are — cliluale, situation, food, clothing, cnatoms, 
habits, way of life, stal« of civilisation. Too great prominence 
has been undoubtedly given to the influence of climate. Law- 
rence very justly remarks in his general conclusions in r^ard. 
to the production of the varieties in man and animals, "that of 
the circumstances which favor this disposition to the production 
of the varieties in the animal kingdom, the most powerful is the 
state of doTtifHicalion." This word, as he uses it, includes all 
thoae social influences, which as manifestly atfect the animals 
which man domesticates as they do man himself. The analogy 
between man and animals in relation to the results of the influ- 
ences referred to I shall soon speak of more particularly. 

STS. That climatic and other influences do have a very great 
agency in producing the varieties both individual and general, 
that we see on looking over the human family, no one doubts. 
The only question is, whetiier they have produced alt these 
diflerenc«s — whether, for example, they have occasioned that 

ptDdDW Uw difbranea thit malii Hrutw. The EliBniEUriAiu nt ■ ipMhi an trif- 
iwtl, whtia Ibnac of ■ tuhi^ Kn t^nind. " Tha Um tpMiia," nyi Pilcliird, " fa- 

. A TBoa oT aninnli m af plsnti nuAed b; i.nf pHuliarltj wElch il hu aTsr ouniUnllT 
, dlipliifad. I. tetmeil aipgcin; andlwu nret sn RHuidcrail ■pacifleally dilftnnt. if \'Wf 



872 HUMAN PHTSIOLOGT, 

Color aflfeeted by eliinate. Circamstanees affeeflnf tke fbrm. 

very wide difference that we see between the Caucasian and the 
Ethiopian. My Kmits will not allow me to go into a full exam- 
ination of the influence of these causes, and I can only touch 
upon a few points in a very general way, 

674. That climate has a great influence upon the color of the 
race is proved by many clearly observed facts. Tropical heat 
always has a tendency to produce a black skin. This is shown 
very decidedly in the case of the Jews, who have preserved their 
characteristic features amid varieties of climate, and yet have 
their color altered. Thus, while the Jew of the interior of 
Europe has a fair complexion and light hair, under the scorching 
sun of India his hair is crisped, and his skin is black. The ev- 
idence of the influence of climate is the stronger in this easei 
because the change from the original color has been two-fold. 
For the original Jew in Palestine had undoubtedly a dusky skin 
and dark hair, upon which the temperate climate of the interior 
of Europe, and the tropical climate of India have produced two 
opposite ejects. • 

6 7 5. But in the varieties of the human race there are differ- 
ences of form as well as of color. That the various influences 
to which man is subjected have a marked effect upon his phys- 
ical form is universally acknowledged. We see this alike in 
individuals, families, and rations. Intellectual and moral influ- 
ences manifestly have some agency in moulding the shape of 
the head in the individual. The differences, which we so com- 
monly see in the shape of the head between the intellectual and 
the ignorant, are not owing altogether to original difference 
of capacity, but in part to education. The brain, like all other 
organs in the body, is influenced in its development by the 
degree of activity to which it is stimulated. It is not made an 
exception to this general law of development. Accordingly we 
find that depressing influences tend to make the top of the Read, 
the cerebral part, small, and the forehead retreating, while tlie 
face, from the predominance of the sensual over the intellectual, 
is rendered relatively too prominent. The tendency of elevating 
influences is of an opposite character. And such influences, thob 
operating in the individual, when repeated and accumulated 
from generation to generation, produce great and lasting results. 
It is thus that a race becomes either degraded or elevated. By 
a continuance and acciimulation of influences it acquires either 
a good or a bad fixed character. 

576. I have thus spoken of one class of causes effecting 
changes in the physical form, the influence of which is manifest 
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But there are changes seen, the causes of which we cannot 
clearly make out ; and yet we know that they are occasioned 
by the varying circumstances in which man is placed. By the 
compound influence of many causes combined we continually 
nee differences in the shapes of various parts of the body intro- 
duced. Family and national peculiarities are thus occasioned. 
The influences to which I have thus referred, some of which are 
little understood, are all those which Mr. Lawrence includes in 
the term domestication, which, as I have before said, he appHes 
to man as well as to animals. 

5*77. Dr. Prichard has pointed out three different types of 
form in the head, occasioned by three distinct classes of influ- 
ences. One he terms the prognathous, (a word derived from 
two Greek words meaning before and the jaw,) in which the 
jaws project very prominently forward. This formation is char- 
acterized by the predominance of the sensual over the intel- 
lectual, the apparatus of the senses being largely developed, 
while the cerebrum is small, making the forehead retreating. 
The tendency to assume this type is always in proportion to the 
action of the degrading influences. " Want, squalor, and igno- 
rance," says Carpent€*, " have a special tendency to induce the 
diminution of the cranial portion of the skull, and that increase 
of the facia], which characterize the prognathous type." It is 
seen most strongly marked in the negroes of the Gold Coast. 
In the pyramidal type, as it is termed, the cheek bones are very 
broad, and the bones above are so shaped as to give the top of 
the head a sort of pyramidal form. This type we see in those 
tribes that lead a wandering life — the nomadic races, as they 
are called. The oval or elliptical form, which is seen so well 
marked in the Caucasian variety, is manifestly the result of ele- 
vating influences. These types are convertible intx) each other. 
Thus, the oval may be degraded into the prognathous, or the 
prognathous may be elevated into the oval. The latter change 
is seen in the Ethiopian, when in successive generations he is 
subjected to elevating influences, in his intercourse with the 
Caucasian. And it is interesting to observe that the form of the 
head is more readily changed than the color. " Thus," says 
Carpenter, "in some of the older West Indian colonies, it is 
not uncommon to meet with negroes, the descendants of those 
first introduced there, who exhibit a very European physiog- 
nomy ; and it has even been asserted that a negro belonging to 
the Dutch portion of Guinea may be distinguished from another 
belonging to the British settlements, by the similanty of the 
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features and expression in each, to those which peculiarly char- 
acterized his master's. The effect could not have been produced 
by the mixture of bloods, since this would be made apparent 
by alteration of color." In the same way is the pyramidal tjrpe 
convertible with the others. The pyramidal and the progna- 
thous are often mingled together, by the influence of vagabond 
habits and degrading causes. 

6V8. The view thus given of the operation of influences in 
producing the varieties of mankind is strengthened by the fact 
that, as Humboldt says in his Cosmos, there are " many inter- 
mediate gradations in the color of the skin and in the form of 
the skull." If we look alone at the extremes in varieties of color 
and form, we are of course disposed to regard such great diffe^ 
ences as marking a distinction of species. But when we see 
these varieties passing into each other by such insensible grada- 
tions, and at the same time observe the manifest influence oi 
causes upon these gradations, as in the cases i*eterred to in the 
last paragraph, the evidence is clear to us that the varied influ- 
ences brought to bear upon man are competent to produce the 
varieties of the race. 

579. But it is objected that although climatic and other in- 
fluences have a great ellc^it, yet, so far as we can see, they only 
produce changes that approximate to those differences that 
mark the grand divisions of the race. They cannot, .for exam- 
ple, be shown, from actual observation, to have effected the 
entire change in any length of time of any portion of the Cau- 
casian race into the Ethiopian, nor, on the other hand, of the 
Ethiopian into the Caucasian. It is objected, farther, that the 
peculiarities of the principal varieties of man existed in the early 
nistory of the race. This appears in relation to the Ethiopian 
variety in the figures found on Egyptian monuments. These 
eliow that the peculiarities of the negro race were as strongly 
marked nearly 5,000 years ago as they are now. This fixedness 
of character under such a variety of influences continued so 
long, it is claimed, indicates that the peculiarities were original, 
and not acquired. 

580. In reply to both of these objections, I will call your 
attention to a general fact, which I deem to be very significant 
in its bearing upon the great point at issue. It is the fact that 
when a variety is formed by any influences^ either among plants 
or animals, it is apt to remain in spite of opposing influences. 
It seems to be easier by far to produce a variety, than to bring 
it back to the character of the origimJ from which it cama 
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Domestication has been continually producing varieties in the 
animals that man has so largely appropriated to his service, and 
tne varieties once produced, commonly remain. And the same 
thing is seen in the varieties resulting from the ^ame * class of 
influences so continually in the human race. It is matter of 
common observation that family and national peculiarities are 
apt to be perpetuated. And it is not merely from a continu- 
ance of the causes from which they result, for they are apt to 
remain even when strong counteracting influences are brought 
to bear upon them. Now the causes which tend to produce 
varieties in the human race acted of course at the first, and 
were competent to produce the most prominent varieties during 
the first ages of the race. And the tendency to fixedness, which 
we see exemplified in so many ways in the varieties of both 
plants and animals, is sufficient to account for the perpetuation 
of such marked characteristics as those of the Ethiopian and the 
Caucasian. 

581. The analogy then which is thus observed between man 
and the domesticated animals is a much clearer and stronger 
one, than that which Professor Agassiz has attempted to make 
out between man and animals generally in regard to zoological 
districts. And the inference is a legijiimate one, that the same 
influences, that we see produce varieties in domesticated animals, 
are competent to produce the varieties in the human race, which 
are even less marked than some of those which we see in ani- 
mals. Varieties are produced more readily and in greater 
numbers in animals than in man, probably because they have 
less power of resisting influences that act upon them. The va- 
rieties of some of the domesticated animals are very numerous. 

682. The analogy drawn between man and animals in regard 
to zoological districts is weakened by the consideration, that 
there was no necessity for man's being created in different lo- 
calities, because he can migrate so easily from one country to 
another. The necessity existed in regard to plants and animals, 
but not to the same extent in all. Migration is easier in the 
case of some than in the case of others. And this difference 
seems to have been acted upon by the Creator. Accordingly, 
the evidence is quite conclusive, that those animals which have 
been so universally appropriated by man to his service, have 
been diffused from central points and have gone with man, 
instead of being created in many localities. This being ^le 
case, it is hardly to be supposed that man, who is capable, 
dirough his ingenuity, and skill, and daring, of going every 
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where, would be unnecessarily created in different pairs at differ 
ent points on the earth's surface. 

583. But suppose that in view of all the evidence we should 
come to the conclusion, that the climatic and other influences 
are not the sole causes of the differences in the races, are we of 
course driven to the admission* that, as Agassis and others teacli, 
there must have been created at the first, several, we know not 
how many different pairs in different localities ? By no means. 
We are not to forget that the Creator, besides using influences 
of which we have no knowledge, (which he is centinually doing,) 
can effect new combinations of the causes already existing, or 
introduce into operation entirely new causes. That he is from 
time to time evolving new results in one or the other of these 
ways, or both of them, is manifest. The very common notion, 
that at the creation all the causes which have produced all the 
phenomena that have been observed to the present time, were 
then set in operation, and have been left to work out their 
results, seems to be contradicted by many facts. Most of the 
causes then set in operation, it is true, have been at work ever 
since. Unless this were so, nature would not exhibit the regu- 
larity which it now does, and calculations could not be made 
with such definiteness as to its processes from knowledge gained 
by experience. But changes and irregularities sometimes occur 
which must have been the result of new causes. I shall allude 
to but a few examples. 

584. The age of man before the flood was much greater than 
it has been since. A change was effected at that period. It 
was not a mere arbitrary change, but such a chalice in the very 
character of the human system, that its capatfility of resisting 
the tendency to decline was greatly reduced In the period of its 
continuance. It was not a change resulting from the influence 
of deteriorating causes, for in that case it would have been less 
suddenly induced. To effect this change some new causes must 
clearly have been brought to bear upon the system, making it 
in the post-diluvian a different system in some important respects 
from what it was in the ante-diluvian. Take a fact of a differ- 
ent kind, indicating a similar change of agency. New diseases 
from time to time appear. This could not occur without eithei 
entirely new causes, or new combinations of elements heretofore 
existing. That very definitely marked disease, the small pox, 
we have the best of evidence, was not known to the ancients, 
and is comparatively a modern disease. It is impossible t<» 
conceive of its beingr introduced without some new cause of a 



VARIETIES OF THE HUMAN RACE. 377 

• ^—M — ii— B^i^^iM^i^M^— ^^^^^^»^^^^— ■ ■ ■ I III. — »■■■■ ■ ■--—--. ^■■ ■■■■-■■ ,1 

Sappotitioa of new causes more protuible than Agassis* supposition. 

▼eiy definite character. Take now another fact of a widely 
diflterent kind from either of those to which I have alluded. 
The earth is marked all over with signs of great convulsions 
that have occurred since its first creation. It has been supposed 
till recently that these signs all refer to that great event de- 
scribed in the Bible, the Deluge of Noah; but geological 
researches have demonstrated pretty clearly that they point in 
part at least to other previous convulsions. Now these convul- 
sions are not to be reckoned as^ part of the regular order of 
nature. They could not have resulted from the ordinary causes 
that act continuously. New causes must have been introduced 
at the time, to produce these unwonted results. 

585. It matters not to the argument above indicated, whether 
the new results that are occasionally developed, come from a 
direct agency at the time, or come from a chain of causes set m 
operation a long time before. The results are new results, and 
come from causes or combinations of causes, which differ from 
those that have produced the ordinary and regular results which 
we witness from day to day or from year to year. 

586. Now in like manner can we suppose, if it be necessary, 
that the Creator produced the varieties of the human race, by 
adding other and new causes to the ordinary influences to which 
man is subjected. This is a much more probable supposition 
than that of the advocates of the multiple origin of the race. 
For besides accounting satisfactorily for the facts, and at the 
same time being consistent with the record in Genesis, it is 
more clearly supported by analogical facts than the supposition, 
(for it is a mere supposition,) that the human race was created 
in different localities. And farther, this supposition avoids diffi- 
culties which attend the other. For, if we suppose that the 
race came from different pairs, it would be difficult to decide 
how many pairs there were. Such are the variations of the 
rAce in different localities that there would be much disagree- 
ment as to the number of the representative pairs, and their 
distinguishing characteristics. 

587. But it may perhaps be said in objection, that I am 
supposing a miraculous interposition. Whether it may rightly 
be termed such I will not stop to consider, but will merely re- 
mark, that it is just such an interposition, or rather, direct agency, 
as is affirmed by the advocates of a multiple creation, differing 
from it only in the time of its occurrence. They suppose the 
direct agency of God to be put forth in creation at different 
points, whether at differ 3nt times they do not say, and this is 

32* 



878 HUMAN PHYSIOLOGY. 



The teatimooy of the Bible to be received as evidenee. 



reaKy quite immaterial ; and I suppose the same direct agency 
to be put forth, but in a less marked manner, to produce a 
change in what has been already created. In supposing the 
direct agency of the Deity at all, we go beyond mere physics ; 
and he surely has the power to put forth this agency at such 
times as he pleases.* 

588. But the supposition made above is not in my view 
needed. I believe that the regular, continuous, natural causes, 
which have ever operated upon man, have been competent to 
produce all the varieties of the race. And I only suggest this 
supposition, as a consideration for those who fail to see that 
these causes have been thus competent; and I claim that 
it is a more probable supposition than the one offered by 
Agassiz and others to meet the difficulty in the minds of su(^ 
persons. 

589. Thus far I have treated this subject chiefly as one 
of natural history and physiology. But is the testimony of 
the Bible not to be received as a part of the evidence ? Ib 
the question to be decided wholly on considerations and facts 
drawn from natural history and physiology ? This seems to 
be the view of some naturalists, though the great majority of 
them are disposed to admit the statements of Scripture as evi- 
dence. It is true that the Bible does not purport to be a phi- 
losophical book. Its language is based upon the principles of 
common and not scientific usage, and is so to be interpreted. 
And it should be thus interpreted in relation to the subject be- 
fore us. Its statements on this subject are of the most explicit 
character. It purports to give an account of the origin of the 
race, and portions of its history. It ascribes the corrupt char 
acter of the race to a fallen parentage. This connection of the 
general corruption of the race with the fall of its original pair, 
however divines and philosophers may differ in accounting for 
it, is recognized as a fact throughout the whole book of revela- 
tion. The testimony is definite, and is not to be mistaken. 
The question is, whether it be valid testimony. And if the 
Scriptural record be established, as it is abundantly, by both 

* There seems to be in the minds of some naturalists a great reluctance to admit at all 
*he direct agency of the Creator, whether it be exerted in consonance with the order of 
nature which he has established, or miraculously in opposition to it. And they would 
imiie skeptically at what they would deem the simplicity or superstition of Hugh Miller, 
in referring some narrow escaf)es which he has had, in pursuing his geological researchaa, 
to a particular Providence. The relation of the agency of the great First Cause to second 
causes, it is true, is a mysterious subject; but it implies no disposition to fathom what if 
unfathomable if we assert that the facts are far from warranting us in the belief, that thk 
agency ha« not been e..erted since the period of the creation, bat confined itsMf to *ImI 
time. 
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internal and coincident evidence, its testimony in regard to the 
origin of the race is to be received by scientific men. It can 
not be set aside by any mere presumptive and analogical evidence 
drawn from physiology and natural history. If actual facts 
be proved inconsistent with the Mosaic history, as properly 
interpreted, they will of course bring discredit upon that his- 
tory. No immunity against a strict investigation is to be 
claimed for the Bible. But there is no fear of such an issue • 
and it is to be remembered that mere analogies are not facts, 
and are not to be deemed as having much force, especially when 
there is a question in regard to their value in comparison with 
other analogies that point to an opposite conclusion. 

686. If the account given in Genesis be a correct account, 
as is generally allowed by the advocates of the multiple origin 
of man, and if, as they claim, it is the account of the origin of 
only one branch of the race, while other pairs were created in 
other parts of the world, they are driven by the facts in the 
case to this alternative. Either other pairs were created with 
an original corrupt nature, or they were created innocent as 
Adam and Eve were, and then were tempted in a similar man • 
ner and with a similar result. To claim that the other pairs 
were made so like Adam and Eve as to constitute with* them 
one species, alike physically, intellectually and morally, without 
taking either of the suppositions just given, is to admit the 
truth of only a small portion of the Mosaic account, and is also 
inconsistent with the existence of the great acknowledged fact 
of the general corruption of the race. So that it is evident 
that the unity of the race, and the truth of the Mosaic history, 
must stand or fall together. And it is not the truth of this 
history merely that is involved in this question, but the truth 
of the Bible as a whole. For the corruption of the race, which 
the Bible seeks to remove, as before remarked, is throughout 
this book distinctly referred to the fall of man as recorded in 
the Mosaic history as its origin. The inain facts of that record 
are recognized as true by the whole scope of the Bible, what- 
ever may be thought of the minute particulars of the narration. 
It matters not then, you will observe, to the argument, whether 
the Mosaic account be received as true in all its minutiae, or 
whether it be considered, as it is by some, as a mere myth. 
For the argument is based upon the recognition by the rest of 
the Bible of the main facts contained in the history. And if it be 
a myth or fable, it must be based upon these facts, or, in other 
words, it is these foots that it is the object of this myth to conveyt 
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687. I have thus presented a summary (for it necessarily is 9 
mere summary) of what I deem to be the proper view of this 
subject In doing so, I have left out many facts and considera- 
tions which are important, if we intend to go into a full and 
thorough investigation. I have selected for your consideration 
those points which are most prominent and important. I have 
attempted to indicate as clearly as I can the value of the differ- 
ent prominent arguments, that have been advanced on both 
sides of the question. And from the views and facts presented 
I think it very evident, that the true interpretation of the pre- 
sumptive evidence, drawn from natural history and physiology, 
is entirely in accordance with the teaching of the Bible, viz., 
that God " made of one blood all the nations of men for to dwell 
on the face of the earth." We are all one brotherhood. And, 
therefore, however debased our fellow man may be — to what- 
ever degree of degradation the unrestrained corruption of his 
nature may have brought him — we are to look upon him as 
containing the elements of that moral and intellectual elevation 
which is attained by the most gifted of men. It is this view 
of the subject that imparts dignity, and interest, and hope, to all 
philanthropic efforts to raise man from the moral, intellectual, 
and physical degradation, to which sin has reduced him. 

588. Although there are perhaps none at the present time 
who distinctly advocate the doctrine, that the lower races of 
men, as they are termed, are half way between man and such 
animals as the monkey and ourang-outang, yet there is in some 
minds an indefinite partial admission of this idea. There is a 
disposition in some naturalists to make the most of any resem- 
blances found between these races and animals. The attempt 
has been sometimes made to show, that there is a decided re- 
semblance between the form of the Ethiopian and that of the 
monkey tribe. But it has always failed. It has been said that 
the arm of the negro is longer than that of the Caucasian, and 
that in this respect he approaches to animals of this class. But 
the difference is so slight that the analogy fails entirely. And 
besides, the hand of the negro, the most important part of the 
upper extremity, bears no manner of resemblance to the imi)er- 
fect hand of the monkey, but is essentially like that of the 
European. It has been said, too, that the brain of the negro is 
like that of the monkey. The brain in any race or family of 
men that are debased and ignorant is smaller than in the ele- 
vated, and in this respect alone 'does it approach to that of the 
monkey and other higher orders of animals. And. as I Lave 
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before said, there are certain mental characteristics in the most 
debased which link them to the most exalted of our race, creating 
an ** impassable chasm '^ between thenc and the most intelligent 
of animals. 



CHAPTER XX. 

UFB AND DEATH. 



689. Life is very commonly spoken of as being one thing, 
although its manifestations are exceedingly various in their 
character. In the simplest growths that we see, both in the 
vegetable and the animal kingdoms, the operations of hfo are 
in some respects very different from the complicated processes, 
that we witness in the human structure, which has been the 
subject of your study in this book. And yet, as you have seen 
in the Chapter on Cell-Life, life in these apparently opposite 
cases is essentially the same. It is the same in its origin. It 
begins always in a single cell, whether the living being is to be 
minute or monstrous, simple or complex, a plant or an animal, 
a creature of a day, or a being destined to immortality. Why 
it is that from a simple cell the vital force, as it is termed, can 
evolve such a range of diversified results as we see in all ani- 
mated nature, is one of the great mysteries of the Creator. As 
we see in the spring time a bud upon a tree unfold itself grad- 
ually, and develop to us successively leaves and flowers and 
fruit, it fills us with wonder, when we reflect how much has 
come from that little bud ; but when we go farther, and think 
of the whole tree as having come from a single cell, so small 
that it can be seen only by the microscope, the mystery appears 
passing wondei*ful. And it is a still greater mystery, when a 
compHcated animal organization is looked at as having been 
developed by the vital force, alike with all other living things, 
through a single cell as its origin. 

690. Life is not only always the same in its origin, but it 
continues essentially the same in its processes. All tho various 
forms which it produces, l)oth in the Vegetable and animal 
world, are built and kept in repair by cells. All the functions, 
too, are carried on through the same agency. The secretions 
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and excretions, as you saw in § 201, are effected bj constant 
successive creations of numberless cells. Even the intellectoal 
operations in the mind of man are dependent upon cells so long 
as the mind is connected with the body. In thinking, as well 
as in muscular motion, cells are worn out, and must be replaced 
by other cells, which are continually supplied by the vital foree. 

691. Life being thus wonderful in its operations, the inquiry 
arises, what can this mysterious agent •be. With curious eye 
we watch its workings, but although we can learn some of its 
laws, its nature eludes our search. Then pressing the micro- 
scope into our service, we trace it back to its hiding |flace in a 
minute round cell containing a fluid ; but simple as Uiis prison 
is in which it is confined, it is more of a mystery than ever. 
The vital force, which begins here, and, enlarging more and 
more the sphere of its operations, developes gradually the simple 
or the complicated living form, as the case may be, has been 
classed by some vnth other forces, the nature of which we do 
not understand, as heat, light, and electricity. But it differs 
from them entirely in some important points. While they act 
in connection with matter generally, both organized and unor- 
ganized, vital force is only seen acting in organized substances. 
While they diffuse tJiemselves through all kinds of matter with 
more or less rapidity, the vital force has no power of diffusion, 
but is confined within certain limits. These limits differ in the 
different living substances. The vital force has the power of 
appropriating matter to itself within these limits. It does this 
by assimilation, as described in § 10. It has then the power 
of extension to a limited degree ; while the other forces men- 
tioned have the power of diffusion, in some respects limitless. 

592. Another difference is this. While these forces, light, 
•heat, and electricity, are lessened in power by being difliised, 
vital force is not lessened by extension. Heat, for example, if 
diffused is lessened at the point of its difiusion ; but life is as 
energetic at its starting point after its extension as before, and 
even more so. It is, so to speak, self-generating, while the 
other forces are mere products. The vital force stands peculi- 
arly alone in this respect. The ^effects too, which this force 
produces, as it lays common matter under contribution, and 
fashions it in such diversified forms, have an infinitely wider 
range of variety than the effects of the other forces. 

693. We can thus tr&ce the differences between the vital foroe 
or principle and other forces, but we cannot, as I have befora 
said, discern its nature. We know not whether it be one thiiur 
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It is coDvenient to speak of it as being so. But we know not 
but that it may be a compound of endowments, or tendencies 
imparted to jnatter, and varying with the various forms of living 
substances. Some have supposed that the vital principle resides 
chiefly in the blood, and that this is the meaning of the passage 
in the Bible, "the life of the flesh is the blood." That the 
blood has some vital properties is certainly true. These prop- 
erties are communicated to it as it is made from the food, and 
fit it to be the material for the construction and repair of the 
organization. And it is simply the fact, that the blood is the 
common material out of which all the diversified part% of the 
living structure are made, that is recognized in the language of 
Scripture on this subject. The same fact is embodied in an- 
other form in the remark of the French physiologist, that the 
blood is chair coulante^ or running flesh. 

694. When the vital force appropriates to itself common 
matter in assimilation, it takes it away in part from the opera- 
tion of certain forces which have had entire control over it. As 
long as it is common dead matter, it is wholly subject to the 
laws of mechanics, and of chemical action. But when it be- 
comes organized living matter, the laws of life take possession 
of it. The laws of chemistry and mechanics are not, it is true, 
annulled in relation to it They still exert their influence, but 
under the control of vital laws. The force of gravity acts con- 
tinually upon the body ; but the living muscles are much of the 
time acting in direct opposition to it. The blood circulates on 
hydraulic principles ; but the vital force furnishes the motive 
power, and keeps the blood from becoming solid and stopping 
up its channels. Chemical changes are going on in the stomach, 
the lungs, and at every point in the capillary circulation ; but 
they are modified, controlled, by the vital principle, and are 
properly termed chemico- vital processes. 

595. The human body is made of materials that are exceed- 
ingly prone to chemical decomposition, and the degree of heat 
which is maintained is such as to favor this result ; but the vital 
force not only holds the chemistry of the system in abeyance, 
but even presses it into its service. When life is destroyed, the 
laws of chemistry assume their full sway, and the process of 
decay begins. The very agencies which served, while under 
the control of the vital principle, to maintain the living organi- 
zation, now acting alone run riot, and work its destruction. 
Thus, that poweiful agent, heat, existing in the body at the 
point of 98^, is necessary tQ the carrying on of the processes of 
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life ; but let life be destroyed, and the maintenance of this de- 
gree of heat would ensure a very rapid putrefaction. So too, a 
degree of heat which would rapidly putrefy a dead egg by 
quickening the chemical changes, would actively stimulate in a 
living egg those curious vital processes that produce at length 
the bird. During incubation the egg of the hen is ~ kept for 
three weeks at a heat of 105°, and yet when the chicken is 
hatched all of the yolk that is left is unchanged. A dead egg 
would soon putrefy under such a temperature. 

596. The vital force exhibits its controlling power in an ex- 
traordinary manner in connection with that great force of nature 
to which I have just referred. Heat is very diffusive, and is 
exceedingly liable to change from varying circumstances. And 
yet the vital force maintains the heat of the body quite uni- 
formly at one point, although the agencies which tend to vary 
it are very numerous and effective. The production of heat in 
the system is a chemical operation, but the vital principle reg- 
ulates the quantity in the body very accurately, by providing 
for its escape in various ways, and perhaps by curtailing in some 
measure its production. 

597. Continual changes are effected by the vital force in every 
part of the body. In one sense death may be said to be taking 
place constantly, while life is as constantly generated, as the 
useless particles are separated and taken away, and the new 
ones are deposited in their place. While these changes are 
going on the vital force so operates as to maintain the peculiar 
shape and plan of every part, even during its growth. And as 
we look abroad over all the diversified forms of animated na 
ture, the accuracy with which this force works in the prescribed 
mould of each is very wonderful. This point I have commented 

^upon in the first chapter, page 18, and will not dwell upon it 
here. 

598. While the vital force is in action there is constant 
change ; but sometimes it is dormant. A seed in its quiescent 
state has life in it, ready to be waked into action by the proper 
excitants, air, warmth, and moisture. Seeds that were found in 
the excavations of Pompeii have shown that they retained their 
life during all this time, by shooting forth their germs as soon 
as they were exposed to these natural excitants of their growtL 
One of the most interesting cases of this kind is related by Dr. 
Lindley. " I have now before me," he says, " three plants of 
Raspberries, which have been raised in the gardens of the Hor- 
ticultural Society, from seeds taken from the stomach of a man 
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whose skelston was found thirty Ceet below the surface of tha 
earth, at t)io bottom, of a burrow wbicb was openad aeu Oor- 
aheKter. U.e bad baeii buried with some ooia of the Emperor 
Hadrian, and it is probable;, therefore, that the aeeda were six- 
toen or aeventeeti hundred years old." 

699, A simiiar dormant condition of the vital force exists in 
a greater or less degree, "u yon saw in § 158, in the state of 
hibernation. So also, ia cold climates, life is throughout al- 
moat the whole vegetable world dormant during the period of 
winter, ta wake to greater energy froni the atimulating warinth 
of spring. 'In the human body, with the exception of some 
few very rare cases, hfe is always in an activ^ state. Some 
portions, however, of the system are a part of the time dormant 
for the purpose of rest and repair. The brain and the musclen 
aleofi ; but during their aleep fife is busy in the formative vessels, 
repairing their energies, and wo may say, their textures also, 
which have been wasted by their labor. I will not dwell longer 
upon this interesting subject, but in lea'ring it I remark, that it 
b a very wonderful attribute of the vital force that it can, as 
in the case of the hibernating warm blooded animals, stop all 
it« active operationa, without damage to tha machinery of life, 
and with such facility resign itself into a state of temporary 
inactivity. 

600. The most mysterious of all the circumstances in regard 
to the vital force is its connection In man with the immortal 
soul. The life and the soul are so intimately connected that 
Bome have considered them to be the same. But they are two 
distinct forces. They are in some measure indeed antagonistic to 
each other. For the soul, in using the machinery of the nerves 
and muscles occasions a wear and tear of the sU'ucture, which 
it is the office of life with its numberless cell-laboratories to re- 
pair. The Boul and the vital principle are both present in all 
parts of the system, but not m the same sense. The vital 
principle is seen equaUy at wort every where. It has no great 
central organ &om which it stands forth its infiuence. But the 
Boul ta especially connected with the brain, and by means of 
the complicated nervous connections of this organ, it affecta 

" ■« affected by all parts of the system. Its influence is thus 



an all pervading one. Every point of the living organization 
has thus a sort of telegraphic communication with the imma- 
terial soul. 

601. But there ia another view of thia connection of the soul 
ai-d the vital principle. The soul ia developed in and with tbd 
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fiving structure. It is not created by itself and put into tlie 
body as a tenant. Its powers are developed while the vital 
force developes the powers of the physical organization. The 
two processes go on together. Nay more, the development of 
the soul is in a measure dependent upon the development of 
the body. The vital force exerts a manifest influence upon the 
soul's growth. As it prepares the organs for the use of the 
soul — those organs by which it lEicquires knowledge from with- 
out, and thus procures the stimulus and even the material for 
its growth — whenever the vital force fails to construct these 
organs properly, the powers of the soul are not well developed. 
This we see. exemplified in the idiot. In this intimate connec- 
tion of the soul with life we find a great mystery. Life, a force 
belonging to mere matter, an endowment of it, or a compound 
of its endowments — ^life, that builds up all organized substances, 
the humblest and simplest vegetable growth, as well as that 
most complex of all living structures, man — ^life, that so soon 
perishes in the noblest of its works that it is likened to the dis- 
solving vapor — is made by the Creator an agent in developing 
an immaterial principle or bein^, that is to survive the dissolu- 
tion of the structure in which it is generated, and is to live 
forever. Strange that the immortal should be thus produced 
in the mortal — that the unchangeable and imperishable soul 
should be thus developed in such intimate connection with the 
changeable and perishable body. It is a mystery which we 
cannot fathom. 

602. The vital force, that is so busy in building and repair- 
ing so long as it lasts, has in all cases its natural limit ; and in 
the case of the human system it seldom fully reaches this limit 
The diversified, and complicated, and beautiful structures which 
it evolves, if saved from accident till the natural period of de- 
cline comes, lose their vigor and beauty, and at length die and 
are given up to the action of the common laws of chemistry, 
which the vital force has so long resisted and controlled. The 
structures then decay, and the particles are dissipated, perhaps 
to be united again to other structures. 

603. The death of the body is not ordinarily complete at 
the moment when what we term death occurs. Though as a 
whole, as a system of organs, the operations of life are at an 
end, yet there is some degree of life in some parts, and there 
may be in all parts of the body. The beard and nails even, 
may grow. Some of the organs may secrete their fluids — ^the 
liver its bile, and the stomach its agastric juice. Some of th« 



properties of life, too, manifestly still remain. The irritabilily 
of tha muscles, which is sirictly a v-ital property, as it nuver 
belongs to common doad matter, still appears on the applica- 
tion of excitants. It was llie coiilrriction of the muscle* in the 
leg of a dead irog on the ncciilL'ntitl application of a stimulnB, 
tliat led GalTani to his grand discovery. And it is through 
this vital property that the culprit who has been hung can be 
galvanixed into apparent life. Death then may be said lo be 
of two Mnds — systemic, that is, the death of the body as a 
whole, a system of organs — and molecular, that is, the death 
of the individual molecules or particles which compose tbe 
body. Death can be said to be complete only when the laws 
of life have resigned their power over these molecules, and the 
laws of purely chemical action have taken tlieir place. When 
this change occurs, the process of decay, which is strictly n 
chemical process, begins. 

604 It will be interesting \o notice here the modes in which 
systemic death occurs. There are three great systems in the 
body, each of which is immediately essential to the continuance 
of life — the syfltcm of the circulation, the respiratory system, 
and the nervous system. And we may speak of death as be 
ginning in any one of these systems when the cause of death 
nets primarily upon it. I will notice some examples under each 

505. If a large quantity of blood be lost, so large as to result 
fetally, death in this case obviously begins in the circulation. 
The heart not being supplied with the quantity of blood that 
usually flows through it, becomes more and more feeble in its 
action, till it at length ceases to beat. When a large aneurism 
bursts, it is the sudden 3rain from the circulation that destroys 
life. 

606. Any thing which to any great extent prevents the air 
from enlering the lungs may cause death to begin in the respi 
ralori/ system. This may be done by three classes of causes. 
1st. Causes that act upon the large air passages, Examples 
of this class of causes are strangling, smothering, drowning, 
Ac. In croup the principal cause of death is the prevention 
of the free passagn of air through the windpipe into the lungs. 
2d. Causes which act upon the walls of the chest. If a bank 
of eai'th fall upon a mat:, though it leave his head clear, so tliat 
Uie uir passages are unobstructed, he cannot breathe, because 
his chest is held as if in a vice. A man came near dying from 
liiis cause, who was having a cast taken of iIih upper part of 



his hodj. If the mnscles of respiration were to be pornlpied, 
death would etmue, just as il does when they are prevented troto 
acting by other causes. 3rd. Causes acting upon the luogn. 
Disease may oceasion an amount of obstraction in the very 
nibstance or the lungs sutficietit to cause death. It does so by 
preventing the introduction of the air into the minute air veaselB, 
whem the air revivifies tfie blood- The olntniction is just m 
1 this case as it is where it occurs in the large air 



607. When death occura Irom a blow upon the head as tha 
immediate result of the shocic, we have an example of death 
banning in the nrrvoui system. But the cause may act upon 
this system in some other quarter. A blow at the pit of the 
stomach, for example, may so shock tbe whole nervous system 
as to stop at once the operations of life. Some poisons;, too, u 
opium, destroy life by their influence upon this system. Very 
extensive hums g^ve a shock to the nerves from which they do 
not rally. The same can be said of other injuries when there 
is no recovery from the first shock. Powerftil medicinea, im- 
properly given in cases of disease disposed to prostration, may 
depress the nervous system to a point from which it may never 
revive. Cold d^troys life mostly by the benumbing, paratyiing 
influence which it exerts upon the nerves. 

608. Though we thus classify the naodes of death, in tho 
great majority of ca^es death is a complex event, resulting from 
a concurrence of Cannes. It is so even when the disease 19 not 
of a implicated character. Take, for example, a case of pore 
ancumplicated consumption, in which all tbe organs but the 
lunga Hre in a healthy state to tbe fnd. The whole system 
becomes at length exhausted by the disease. If this exhaustion 
alone be the cause of death, then we may say that !t is an ex- 
ample of death beginning in the nervous system. But if the 
obstruction in tbe lungs to the admission of ur in tbe air-cells 
be the canse, it is a case of death beginning in the respiratory 
system. Generally in such cases death resulta from tbe two 
causes combined, and it is ofiien difficult to determine which is 
the more prominent cause. 

600. The signs of death are so clear that there is, with very 
few exceptions, no mistake in regard to the occurrence of Ilia 
event. The stories that are related about burying alive are 
most of them unfounded. Tbe apprehensions created by them 
in the minds of some persons have led them to insist, ihatn 
body ought to be committed to tbe ttrave, till the most iiif" 
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sign of death, putrefaction, Las ap 
wait for tlie appearance of tliis sign ii 



That we should 
) in which there 
Ib a. shadow of doubt, I will allow. But the cases are eiceed- 
iugly rare in which we cannot determine the reality of death 
long before this sigu shows itself. Our decision is not made 
up, it must be observed, merely from the signs of death. All 
the circumstances of the ciwie are taken into view — the diseiiBe, 
its progress, its symptoms, and tlie events of the last hours ot 
the patient. With this evidence before ns, we absolutely know, 
in all ordinary cases, that death has occurred when the respi- 
ration and the circulation have ceased. And in the exceed- 
ingly few oases in which tliere is any reason to doubt on that 
point, there is always something which will attract the attention 
ftnd excite the curiosity of some one, unless there be stolid in- 
diSeience and the most absolute lack of intelligence. In such 
cases there is always something strange— ^the circumstances 
attending the cessation of the rcGpiration and circulation are 
lingular, and the signs of death are not complete and in their 
proper order of succession. Whenever there is for these reasons 
any doubt as to the reality of the apparent death, the strictest 
wat«h should be maintained till the signs of commencing puti'e- 
faction appear. With this simple rule of prevention burying 
alive need never to occur. 

610. The investigations of physiology, as you have seen, end 
with the death of the body. It can give us no light ou the 
question as to what may be beyond this life. Although the 
physiologist studies the human structure not merely as an or~ 
ganization instinct with life, but also as the wonderful machinery 
through which a reasoning soul acts and Is acted upon in this 
ilate of being, yet, as a physiologist, be knows not that the 
Boul survives iJie death of the body. He knows not but that 
it ia a mere endowment of matter, as life probably b. and so 
perishes in the hour of dissolution. He may indeed conjecture 
that such exalted faculties which are in this world auscepiible 
ot such high cultivation, instead of being destroyed wiUi the 
body, are destined to still farther development in another stat« 
of existence. But what is mere conjecture to him as a Physi- 
olua^ist, is made fact to him as a Christian. The eye of hia 
latth sees an immortal spirit rise from the dying body, and he 
reiliKea the truth of the sublime declaration, that "death ia 
■walloired up of victory." 
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CHAPTER XXL 

HYGIENE. 

611. It seems appropriate that the concluding chapter of 
this book should be on Hygiene. Afler haying considered 
the construction of the machinery of the human system and 
the uses which the mind makes of it, one naturally inquires 
what are the conditions on which the full development of 
this complicated machinery and its daily repair depend. 

612. The principles and rules of Hygiene are to be 
learned from two sources. 1. They are to be learned from 
Physiology. As we observe the functions of the different 
organs, we can leai*n what those circumstances are whidi 
&vor their due performance, and what those are whidi in- 
terfere with it. 2. They are to be learned, also, by observ- 
ing the effects of those agencies which are known to 
interfere with the functions and to produce disease. An 
exemplification of these two modesof learning the principles 
of Hygiene in relation to a single point will suffice. The 
study of the physiology of the chest shows us that nature 
has, in the construction of its framework, especially provided 
for giving ample room to the lungs ; and so we deduce a 
law of Hygiene, that the chest should not in any way suffer 
compression. This is the first mode. But the same law 
can be deduced by the second mode, that is, by observing 
the results of compression of the chest. 

618. Rules of hygiene generally have but little practical 
influence, unless the physiological facts upon which they are 
based are understood. Although the evil effects of their 
violation may be vividly portrayed, and even illustrated, as 
in the case of the chest, by engravings, the impression upon 
the mind is by no means as thorough and practical, as when 
the same lesson is enforced by a clear knowledge of the 
functions and arrangements of the organs and the conditions 
necessary to their healthy action. Physiology, therefore, 
should be studied as preparatory to a proper appreciation at 
Hygiene. 

614. Not only is a knowledge of Physiology essential to 
a proper appreciation of the rules of Hygiene, but in many 
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eases they cannot be fully understood in their varied appli- 
cation without such a knowledire. With the very partial 
and superficial knowledge of Physiology that is usually 
communicated with Hygiene, these rules are for the most 
p,vrt mere arbitrary rules. And just so far as the principles 
on which they are based are not understood, is there a 
liability to mistake their Application under various circum- 
stances. 

615. In considering the subject of hygiene, the natural 
division of Physiology, stated in § 57, should be kept in 
mind. There is a hygiene relating to the construction of the 
machinery of the body, and there is also a hygiene relating 
to the uses of this machinery. Besides, each organ ha** to a 
certain extent its own hygiene. And yet, as all the organs 
are connected more or less together in sympathetic action, 
there is a general hygiene of the system. I shall observe 
for the most part the same natural order that I followed in 
developing the subject of Physiology. I shall first treat of 
the hygiene of the construction and repair of the system — 
that is, the hygiene of digestion, circulation, respiration, and 
formation and repair. You can recur to a summary of these 
functions given in § 69. I shall then pass to the considera- 
tion of the hygiene of the uses of the machinery thus con- 
structed and kept in repair. 

616. Many of the points in the hygiene of the di(/estive 
organs have been already noticed in the physiology of diges- 
tion. I need say nothing more in addition to what is said 
there of the importance of the thorough mastication of food, 
and of its having a due amount of saliva mingled with it ; 
of the evils resulting from eating too fast, from eating be- 
tween meals, and from eating a great variety of food ; and 
of the influence of exercise upon the process of digestion. 
There are some other points, however, that remain to bo 
noticed. 

617. No very precise rules can be given as to the quaii- 
tity of food that is proper to be eaten. But a consideration 
of the physiological principles of digestion suggests rules 
that are sufficiently definite for practical purposes. There 
must be such an amount of food as will furnish sufficient 
chyle to keep the blood, the building material of the body, 
in proper quantity. The question arises, how we shall 
Know what amount of food is requisite for this purpose 
Fortunately, the want of the system and its supply are com 
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monly quite accurately indicated by the sensations as stated 
in § 87. The proper hygienic rule then on this point is^ 
that we should cease to eat when the sensations created bv 
the want of the system are removed — that is, when the 
hunger is appeased, and the accompanying feeling of discom- 
fort is succeeded by a feeling of agreeable ease. 

618. But there are mistakes often made in regard to these 
sensations. They may be prevented from making a true 
report. Thus, when eating is done too rapidly, more food 
than is needed may be introduced into the stomach before 
the sensation of ease and satisfaction is experieneed. It is 
only when suitable time is given to mastication, and the 
food is rather gradually introduced, that this sensation forms 
the proper limit of eating. Again, there is a very common 
mistake in substituting the feeling of fulness for the sensation 
alluded to, as indicating the time for ceasing to eat. Those 
who adopt this false rule generally make the stomach U 
bear as much as it can without absolute discomfort, and 
many daily overreach this point. The result is, that this 
organ soon gives out under this daily overworking ; or, if 
the stomach be a strong one, an injurious repletion is pro- 
duced in the system. Even in the latter case, the stomach 
at length gives out, and becomes the seat of disease. But it 
is astonishing how much labor, in the work of digestion, this 
organ will perform in some cases. 

619. Too little food is sometimes taken. Poverty is 
commonly the cause. But sometimes it arises from false 
notions ; as, for example, the notion that the quantity of 
food should be regulated by weight, or the more common 
notion, that we should rise from a meal with some amount 
of appetite remaining. The result is, that there is not a 
sufficient supply of chyle to meet the wants of the system. 
The wear and tear create a demand which is greater than 
the supply, and the body therefore loses its fulness and its 
vigor. 

620. In determining the length of the intervals between 
the meals, we should have regard to the time required for iho 
completion of the process of digestion, and to the wants of 
the system. Some articles are digested more rapidly than 
others, but it commonly requires from three to four hours 
to complete the digestion of a meal. When the system is 
in a state of action, its want of food, as indicated by it* 
sensations^ shows itself a little time after the completion i^f 
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the process of digestion. The interval, then, beCweien the 
meals should not vary much from fimr hours. If it be mnde 
longer thau five hours, some degree of axhaustinn results j 
and if it be less than three hours, disturbance of the diges- 
tive process may occur, from having the digestion of one 
meal begin before that of the previous one is fiiirly finished. 

621. It is important that the meals should be eaten at 
, regular perioda from day to day. For the stomach, with ils 

times of work and of rest, naturally contract? regular habits, 
a disturbance of which is injurious. This obedience to habit 
in this organ is manifest whenever any change is made ia 
the time of eating. 

622. The question is often asked, whether such and such 
an article " is healthy," as if there were essentially different 
degrees of suitablei^ess in ditlerent articles of diet. So far 
as digestion is concerned, any article is healthy to any in- 
dividual whose stomach can digest it without difficulty. An 
article may be perfectly healthy to one, and unhealthy in 
another. There are sometimes wide differences in thia re- 
spect, owing to unaccountable peculiarities. But even in re- 
gard to ordinary differences, the question as to the propriety 
of any article of food is wholly an individual question. 

623. Our f<K)d should be varied in the different seasonn 
of the year to a greater extent than is commonly done, hi 
the warmer seasons it needs to be less stimulating, less htiiu 
producing thau in the colder seasons. The fruits, each in 
its season, should form regularly quite a large proportion 
of our food in the warmer months. If used thus, and nut 
irregularly, as is commonly the case, they will tend to pre- 
vent, rather than induce, the complaints peculiar to that 
portion of the year. 

634. The state of the mind has much inHuence on the 
digestive organs. This is sometimes strikingly exhibiteil lu 
the loss of appetite on the sudden reception of bad news. 
It- is also seen in the influence of continued sorrow upon the 
appetite and the digestion. It is not strange, then, that one 
of the prominent causes of dyspepsia is mental disturbancti 
or depression. And a cheerful mind is very properly 
deemed to be essential to easy and thorough digestion. 

626. In order to understand fully the hygiene of renpira. 
tio», it must be borne in mind, that the great object of llii* 
function, as stated in § 131, is to bring the air into nil the 
rainute air-i'fllls of the lungs, that it may change the LIvifJ 
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which is sent there for this purpose. Anything, then, whieh 
interferes with the free introduction of the air into these 
cells is a palpable violation of the laws of health. And yet 
this interference is so commonly practised, that it is one of 
the prominent causes of disease. 

626. This interference is effected in two ways. It is done, 
firsts by mechanical compression of the chest. Although, 
as I have shown in the chapter on the Respiration, there 
are special pains taken by the framei* of our bodies to pro- 
vide, in the construction of the chest, for the free introduc- 
tion of air into the lungs under all circumstances, this is 
often prevented by certain prevalent modes of dress, it 
must be observed that in the arrangement of the chest, a 
free motion of its walls in the expansion of the lungs is con- 
templated. The dress^ there/ore, should always be so loose as 
to admit of this free motion. If it is not, the air is not freely 
admitted to all the air-cells, and therefore the blood is not as 
fully changed, as nature requires ; and the health is impaired 
just in proportion to the degree in which the due expansion 
of the chest is prevented. I have said so much on the re» 
suits of this conipre.>^si(>ft of the chest in the chapter ot 
respiration, both in this book and in my " First Book on 
Physiology," that I will only say here, that in this country 
it is one of the most prominent causes of disease among 
females. It not only produces disease in the lungs, but, by 
preventing these organs from effecting fully the requisite 
change in the blood, it impairs the quality and lessens the 
quantity of this building material, and thus diminishes the 
nutrition and the vigor of the system, and therefore renders 
it liable to a great variety of diseases, especially those of 
which debility is a prominent characteristic. 

627. The free introduction of pure air into the lungs is in- 
terfered with, secondly, by cutting off its supply. As you 
learned in the chapter on respiration, the oxygen of the air 
is used up in large quantities by the lungs, and the carbonic 
acid gas thrown off takes its place. If, therefore, there be not 
sufficient provision for the supply of fresh relays of pure air, 
a mixture of air and carbonic acid gas will be introduced 
Into the lungs at every breath, so that there will not be 
sufficient oxygen to effect thoroughly the change in the 
blood. In this respect, therefore, the result is the same as 
when too little air is admitted by reason of compression of 
die chest. A portion of the requisite quantity of pure air 
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!i shut out, in one cnso by diiTiim^hing the capadty of ths 
chest, and in the oliier by liBTing (he luags iti piirt occupied 
by carbonic acid gas. 

628. The influence which thia defective aeration of the 
blood, occasioned by these two causes, exerts upon the 
health, is seldom appreciated. For unless the deficiency be 
very great, no immediate obvious result is produced. But 
though the deficiency may be comparatively email, if it be 
continued from day to day for a long time, the aggregate 
result of this steady depressing influence is a serious one. 
The destruction of health and of life that comes from this 
imperceptible agency in every community is vast in amount. 
But must persons seem tu be insensible to this frict. They 
need a narrative of such a destructioil of life as occurred in 
the Black Hole at Calcutta, to convince them that a consider- 
able quantity of fresh air is required by every pair of lungs. 
And it is u)i1y by a description of an examination after 
death of s.ime one who has been killed outright by extreme 
compression of the chest, that they can be made sensible of 
the Deed that the lungs have of the room that nature has 
given them. And even then the impression i^eeraAo be a 
momentary one. If all the injury that is done by defective 
aeration of the blood could be visibly traced out, we should 
then realise the necessity of having just as many of the 
sir-cells, those little chemical laboratories, as nature de- 
Bigned, and of keeping them well supplied with the fresh air 
which they require for the life-giving work that they per 

629. The hygiene of the eireuhlion need not 3etain us 
long. The office of the organs of the circulation is to circu- 
late the i)]ond, the building material, everywhere. They 

from their work. But they work more actively 
system is in action than when it is at 
rest. As one lies iti bed, the circulation goes on steadily, 
but quietly. But on lising and moving about, the circula- 
tion beconies more active. Not only does the heart beat 
more quickly, but the capillaries in evtry part of the body 
increase their action. And, as more blood is carried to 
every part, there is more done everywhere. We see thia 
ill the skin, in the increase of the perspiration on exerciae. 
When the muscular effort i» very great, the excitement of 
"Hhc flrculation is violent and tumultuous. Tlie heart beats 
tr.-iiylv and rapidly, and the fluf'hcd face >hiiw« how 
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active is the circulation in its extreme vessels, the eapO- 
laries. 

630. The occasional excitement by active exercise is 
absolutely essential to the proper development of the body. 
It may sometimes, indeed^ maintain its proper bulk in a con- 
tinued state of muscular inaction ; but its textures will not 
have the requisite strength and tone. That they may have 
these qualities, it is necessary that the blood be often pump- 
ed into their capillaries with the force that is given to the 
heart by active exercise. It is not the muscles alone that 
are 'rendered stronger and firmer by exercise, but tbe same 
effect is produced in all the textures, the bones, the liga- 
ments, the veins, the skin, &;c. The great internal organs 
of the body are firmer, more fit to perform their duty, and 
less liable to dise&e, if the circulation in them is excited 
daily by this means. Active exercise makes the stomach 
digest better, the lungs perform the work of aerating the 
blood more thoroughly, and the brain serve the mind more 
easily and efiectuaUy ; it therefore renders one less liable to 
dyspepsia, to consumption and other diseases of the lungs, 
and to ^koplexy and other diseases of the brain and the ner 
vous system. 

631. But the activity of the circulation may be made sc 
violent by exercise as to do some damage. Though its or 
gans are capable of bearing much jn this respect, there h 
some need of caution. Harm is undoubtedly often done i» 
trials of strength when the effort is both violent and prolong- 
ed. Vigorous action answers fully the purpose of developing 
power anfi firmness ; but violent action is attended with some 
hazard. 

632. In considering the hygiene of formatio7i and repair, «' 
it must be borne in mind that there is constant change 
everywhere in the system. Particles that have become 
useless in the textures are continually taken up and carried 
away in the veins or the lymphatics, and other particles are 
put in their places, being taken for this purpose from the 
blood in the capillaries. This change is going on during all 
the period of growth, as well as afterwards. The health 
and vigor of the textures, and therefore of the system as a 
whole, are dependent upon the proper performance of thii 
constant process of removal and fresh supply. 

633. There are two conditions necessary to the du^^per^i 
formance of this process. The^r^^ is, that the blood, the 
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universal material for building and repairing, shall be of 
good quality. This is secured when the digestive process, 
which furnishes the blood, is well performed, and the lungs 
and other organs, that purify the blood by discharging its 
refuse matter, are in good condition. The second condition 
is, that the blood shall be oflen quickened in its course 
through the organs by the excitement of exercise. This I 
have already mentioned in speaking of the hygiene of the cir- 
culation. 

634. The necessity of having the waste matter that Is 
brought back from all parts of the body in the venous blood, 
effectually discharged by the various organs designed for 
this purpose (§178), requires a particular notice. The lungs, 
the skin, the liver, the kidneys, &c., must thoroughly eva- 
cuate this waste, or its retention will impair the quality of 
the blood, and thus interfere with the proper nutrition of 
the body, or, in other words, with the process of formation 
and repair. And the retention of this refuse in any consid- 
erable amount is immediately productive of disease. 

635. The lungs, while they take in oxygen from the air, 
discharge carbonic acid gas, that part of the waste of which 
it is their duty to rid the system. If this carbon be retain- 
ed, the blood is impure in proportion to the degree of reten- 
tion. 

636. It is the duty of the skin to discharge some portion 
of the refuse of the system in the sensible and insensible 
perspiration (§180), The skin is not a mere covering of 
the body, but it is also an active organ, performing very 
important functions. It continually discharges through its 
numberless pores a large, quantity of matter. Although 
this matter is mostly in an insensible form, if from inactivi- 
ty of this organ it fail to be discharged, its retention renders 
the blood impure, and so does injury to the system. At 
least two pounds of matter are discharged from the skin in 
twenty-four hours. This being the case, it is not at all won- 
derful that activity of this organ should be so necessary to 
health, and that the suspension of its secretions should have 
so much influence in the production of disease. 

637. In the chapter on respiration, you learned that the 
heat of the body is produced by the change that takes place 
in the blood in the capillaries, as it receives, the waste par- 
ticleef and as the new are deposited in their places. This 
change makes a real combustion in every capillary. The 
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more rapid therefore is the change the greater is the com- 
bustion, and of course, the greater is the heat. Hence comes 
the increased heat of exercise. Exercise makes more wear 
and tear, and so disengages in the waste more carbon and 
hydrogen to unite with the increased amount of oxygen that 
comes in the quickly flowing blood to the capillaries ; and 
just as in combustion that is attended with flame, the great- 
er the amount of fuel the greater is fhe heat. We have a 
familiar example of the production of heat by exciting the 
circulation, in the expedient often resorted to by laborers 
for warming the hands, of striking them with a swinging 
motion upon the shoulders. 

638. The amount of heat produced in the body depends 
also on the quality of the blood. The richer it is, the more 
oxygen it contains, and therefore, the brisker is the fire in 
the capillaries, and the greater is the heat. You see then why 
it is that those who have a good state of the blood, and ex- 
ercise much, maintain the heat of the system better, and so 
need less clothing than those whose blood is weak, and who 
exercise but little. 

639. The heat of the body is maintained in all temperatures 
of the atmosphere very nearly at 98" Fahrenheit. This is, 
you observe, much above even the highest temperature that 
is agreeable to us. You see then that it is essential to the 
comfort of the body that it be giving off* heat continually to 
the surrounding atmosphere. If the atmosphere be at 98°, 
the same temperature with the body, there is great discom- 
fort, from the fact that the heat is given off* too slowly. It 
would not be parted with at all if the skin were not an ac- 
tive organ. It is by the evaporation of the perspiration 
thrown off* by the skin that the extra heat is got rid of when 
the air is su hot. The temperature in which the body is 
generally most comfortable is about 70**. When the atmos- 
phere goes below this, we need the ordinary expedients to 
prevent a too rapid escape of the heat from the body. The 
clothing and the heated air, with which we surround our- 
selves to guard against the cold, do not act by communica- 
ting heat to the body, but simply by retarding its escape. 

640. Cold is a depressing agent, and exerts as such much 
influence in the production of disease. Statistics show this 
in a striking manner. The statistics of London, for example, 
prove that the mortality of a severe winter is much greater 
than that of a mild one. And this difference \9 found to be 
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chiefly among the very young and the very old, because in 
them the power of generating heat is feebler than in other 
classes. The greater is this heat-producing power in the 
system, the better does the system resist the depressing in- 
fluence of colrf. All those means, therefore, which promote 
the vigor of the hody^ are the best of the safeguards to be used 
against this productive cause of disease and death. But, 
besides thus fortifying the body internally against this 
depressing agent, we have the means of outer defence alluded 
to in § 639, clothing and heated air. As there are many 
errors committed in using these, they require a more parti- 
cular notice. 

641. Clothing serves, as I have before said, to shut in 
partially the heat which is generated in the body. Its 
amount and character should be regulated by two circum- 
stances — the degree of the cold, and the amount of heat-gen- 
erating power in the system. The vigorous require less 
clothing than the weak, because they have more of this power; 
so, also, the bodv needs less clothinj; when it is in exercise 
than when it is iri a state of rest, because in exercise it gene- 
rates more heat. And the same principles apply to heated 
air, for this is an outer covering for the body, interposed 
between it and the cold, like clothing, for the purpose of 
preventing the too rapid escape of the heat generated 
within. 

642. These plain principles are violated in various ways. 
Many, from carelessness or from mistaken notions, are often 
unnecessarily exposed to the depressing influence of cold. 
They are not sufficiently aware of the necessity of guarding 
80 much more thoroughly against the cold when at rest than 
when exercising. And then, on the other hand, they add to 
the effect by having too much clothing when in action, or when 
in a warm place. When they thus suffer first from too 
much heat, an after exposure to cold is exceedingly inju- 
rious. The weak especially suffer from exposure to cold 
when the body is at rest, and therefore, they should take 
special pains to guard themselves against this depressing 
agent. Any attempt on their part to harden themselves, as it 
is expressed, by making use of as little clothing as the vigor- 
ous wear, particularly when the body is in a state of inaction, 
always does harm. The very thin coverings so commonly 
seen on the feet of delicate females are palpably inconsistent 
with this rule of hygiene, and are in ridiculous contrast witk 
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the stout coverings considered n^essary for the feet of 
vigorous men. Various opinions have been expressed in 
regard to the warming of houses, so much in vogue at the 
present day. On the principles developed above, this ex- 
pedient for comfort is favorable to health if it be judiciously 
managed, for when the body is at rest, as it commonly is in- 
doors, an exposure to cold is depressing, that is debilitating 
to the vital powers. Many other points might be noticed 
in the application of the general principles mentioned, but 
these will suffice. 

643. The depressing influence of cold sometimes produces 
a marked immediate effect. But this is not generally the 
case. Commonly no harm is apparently done at the time, 
and so little is thought of it. But if this influence be con- 
tinued day afler day, its effects accumulate and become estab- 
lished. The vigor of the system is more or less destroyed, 
and some local disease may make its appearance. The 
debilitating influence of cold is in this way a fruitful cause 
of disease, not only in the abodes of poverty, but even 
among those who have ample means of guarding against it. 

644. Although cold is generally a depressing agent, it is 
often indirectly a stimulating one. It is so when, in conse- 
quence of its impression upon the skin, it excites what is 
termed a reaction. Several circumstances are necessary to 
this result. 1. There must be the power of reaction in the 
system. There may be so much debility that reaction can- 
not be awakened. 2. If the system be in a state of rest, the 
application of cold must be temporary. A continuous 
application of it would be depressing, and would forbid reac- 
tion. 3. In an active state of the body, reaction may be pro- 
duced even when the application is continuous. Thus the 
mere exercise of dressing may suffice to awaken reaction in 
a degree of temperature which would chill one through if he 
were sitting still. 

645. The system may be accustomed to react under the 
impression of cold in two ways. 1. By exercise in the 
open air in cold weather. Those who have but little out- 
door exercise in cold weather, have but little power of re- 
action, and therefore feel the depressing influence of the cold 
whenever they are exposed to it. 2. By a judicious use 
of cold . bathing. The object of cold bathing, aside from 
purposes of cleanliness, is to accustom the system to react 
under the influence of cold. It is only when reaction occura 
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under its use that it does good. It does positive harm when 
reaction does not occur; and the harm done in this way 
day after day, by depressing the vital powers, is sometimes 
at length ruinous to the health. 

646. There is a want of proper discrimination in many 
writers on hygiene in regard to cold bathing. It is a mis* 
taken ultraism to say, as is often said, that the preserva- 
tion of health requires that the whole body should be bathed 
every day in cold water. Neither cleanliness nor the other 
purpose that I have mentioned ordinarily requires so frequent 
and thorough bathing as this. The water may be applied 
to only a part of the body at a time, and yet accomplish all 
that we wish. Indeed, some persons of delicate constitution 
cannot bathe the whole surface at once with cold water. 
They may at first be able to apply it to only a small part of 
the body. But they may, with the aid of friction, after a 
while come to apply it over a considerable portion of the 
surface, or perhaps over the whole. In some persons this 
extension of the limits of the bathing from day to day must 
be done very cautiously ; and there is occasionally one that 
cannot bear it at all over any considerable extent of surface. 
It is necessary for some, in accustoming themselves to cold 
bathing, to be^in with using tepid water, making it from 
day to day a little colder. 

647. The best time for cold bathing is commonly in the 
latter part of the forenoon, for the system is then in its 
most vigorous state, and is therefore best prepared to re- 
act. But in most persons reaction can be secured at the 
hour of rising, and this is the most convenient time for 
bathing. Few can usathe cold bath with profit in the latter 
part of the day, for the powers of the system are then more 
or less exhausted, and full reaction is not easy. The sooth- 
ing influence of the warm bath is appropriate at that time. 
There are many other points in regard to bathing that might 
be noticed, but my limits will not permit it. 

648. Thus far 1 have spoken mostly of the hygiene of the 
body as a structure. But digestion, the circulation, &c, are 
engaged in constructing and repairing organs for the. use of 
the mind. In this use, there is wear and tear, and hence is 
the necessity of seasons of rest, that the needed daily repait 
of the organs may be effectually done. The mind uses the 
muscles and bones for motion, the various organs of the 
^nses in gaining a knowledge of the world around, and the 
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brain in thinking, willing and designing. Any of these 
organs may be overworked, and afier a certain arnount of 
work has been done, there needs to be an interval of rest 
for repair. The repair is going on continuallv , while the 
organs are at work ; but it cannot be done thoroughly with- 
out these intervals of rest. Most of the repairing is done 
in these periods. This simple statement sut^gests the prin- 
ciples of hygiene in regard to the uses which the mind 
makes of the organs of the body. These I propose now to 
ilevelop briefly in regard to the muscles, the senses, and 
lastly the brain. 

649. There is a certain amount of muscular exercise 
which is essential to firm health. While no one can fall 
below this amount without impairing the healthy vigor, the 
laborer goes much beyond it without injury. There is a 
wide range, therefore, in the amounts (♦f muscular exertion 
that are consistent with health. 

650. The exercise of the muscles is necessary to their full 
development. When a limb fails to be used, as for exam- 
ple in palsy, the muscles become small and lose their firmness. 
When, on the other hand, the muscles of any part of the 
body are much used, they become more developed than the 
other muscles. For example, the labor of the blacksmith 
develops the muscles of his arms largely, llie same thing 
is true of the nuiscles of the leg in the rope-dancer. It is 
only a General exercise of all the nmscles of the body that 
d velops them in all parts of the frame in their due propor- 
tion. 

651. But muscular exercise is also necessary to the pro- 
per development of the other textures^s well as the muscles. 
I have already remarked upon this m another connection 
(§ 630), and shall not dwell upon it here. There is, however, 
one illustration of this influence of exercise which deserves a 
particular notice. I refer to its influence in preventing de- 
formity. In the universal vigor and firmness of the textures 
which free exercise tends to produce, there is ordinarily a 
precise equality between the two halves of the body : the 
muscles on the two sides act with equal power; the spinal 
column, the grand pillar of the trunk, is held between the 
muscles that bind its twenty-four bones together with great 
exactness, and there is a beautiful symmetry in the whole 
frame. But when, from lack of exercise, there is want of 
firmness in ih(j textures, this Nymmetry is apt to be lost 
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•elopment of the frame, and the spinal column 
" to become deformed. 

♦.wo imnicdiate ciiiises of this deformity, 
'^ular action, and irregular pressure, 
prone to act irregularly ; and struc- 
T firmness, readily yield to any 
'hmo. When there is firmness of 
*. ^ ure are not apt to produce de- 

* -- -^ -^ prevents tiie permanent in- 
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i-^ ^inent that the posture is altered, the 

Acsitime their usual shape which has been 
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that lie along this pillar of bones bring them at 

.o their right position. But if the cartilages have lost 

dome measure their elasticity and the muscles are weak, 

this righting up of the spinal column is not fully accomplish- 

ed ; and a sucxjession of slight failures in this respect will 

ftAer awhile, produce a permanent deforniiiy in the direction 

of the most c^>mmonly assumed posture. 

658. You can see all this exemplified if you observe the 
difference bi^twcen males and females in regard to deformity 
of the 8f>ine. This deformity is exceedingly common among 
girls, while it is rare among lads. The simple reason is, that 
lads have the invigorating influence of free out-door exercise. 
Too much influence is attributed to posture in producing this 
deformity. Posture is often spoken of as being the chief 
cause of it, and this view of the subject is illustrated exten- 
Hively with cuts, showing how the detormity is occasioned. If 
this were the correct view, there should be much less deform- 
ity among girls than among boys in our schools, for thetorm- 
er sit in a crooked posture nnich less than the latter do. 
So far as posture does have an influence, it is quite clear that 
the prim, fixed posture enjoined upon the girl has a tendency 
to produce deformity, by adding to one of the causes from 
which it proceeds, viz., the weakness of the muscles. A fixed 
uniform posture wearies the muscles, but variations of posture 
r4<lieve them, and so prevent an exhaustion of their power. 
054. The muscles of the back in the female are not only 
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brain in thinking, willing and designing. Any of these 
organs may be overworked, and after a certain arnount of 
work has been done, there needs to be an interval of rest 
for repair. The repair is going on continually, while the 
organs are at work ; but it cannot be done thoroughly with- 
out these intervals of rest. Most of the repairing is done 
in these periods. This simple statement sujigests the prin- 
ciples of hygiene in regard to the uses which the mind 
makes of the organs of the body. These I propose now to 
develop briefly in regard to the muscles, the senses, and 
lastly the brain. 

649. There is a certain amount of muscular exercise 
which is essential to firm health. While no one can fall 
below this amount without impairing the healthy vigor, the 
laborer goes much beyond it without injury. There is a 
wide range, therefore, in the amounts (»f muscular exertion 
that are consistent with health. 

650. The exercise of the muscles is necessary to their full 
development. When a limb fails to be used, as for exam- 
pie in palsy, the muscles become small and lose their firmness. 
When, on the other hand, the muscles of any part of the 
body are much used, they become more developed than the 
other muscles. For example, the labor of the blacksmith 
develops the muscles of his arms largely. The same thing 
is true of the muscles of the leg in the rope-dancer. It is 
only a ceneral exercise of all the muscles of the body that 
d-velops them in all parts of the frame in their due propor- 
tion. 

651. But muscular exercise is also necessary to the pro- 
per development of the other text ureses well as the muscles. 
I have already remarked upon this m another connection 
(§ 630), and shall not dwell upon it hen*. There is, however, 
one illustration of this influence of exercise which deserves a 
particular notice. I refer to its influence in preventing de- 
formity. \xi the universal vigor and firmness of the textures 
which free exercise tends to produce, there is ordinarily a 
precise equality between the two halves of the body : the 
muscles on the two sides act with equal power; the spinal 
column, the grand pillar of the trunk, is held between the 
muscles that bind its twenty -four bones together with great 
exactness, and there is a beautiful symmetry in the whole 
frame. But when, from lack of exercise, there is want of 
firmness in ihcj textures, this symmetry is apt to be lost 
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during the development of the frame, and the spinal column 
is especially apt to become deformed. 

652. There are two immediate causes of this deformity, 
viz.: — irregular muscular action, and irreijular pressure. 
Weakened muscles are prone to act irregularly ; and struc- 
tures that have lost their firmness, readily yield to any 
pressure that is laid upon them. When there is firmness of 
texture, irregularities of pressure are not apt to produce de- 
formity, because the elasticity prevents the permanent in- 
fluence of such pressure. The moment the pressure ceases, 
the elasticity of the part restores it to its usual shape. The 
firm regular action of the muscles also tends to the same 
result. Thus, in the case of the spinal column, if the 
posture of the body be such that it is bent over to one side 
for some time, the moment that the posture is altered, the 
elastic cartilages resuime their usual shape which has been 
temporarily changed by the unusual pressure, and the mus- 
cles also that lie along this pillar of bones bring them at 
once to their right position. But if the cartilajjes have lost 
in some measure their elasticity and the muscles are weak, 
this righting up of the spinal column is not fully accomplish- 
ed ; and a succession of slight failures in this respect will 
after awhile, produce a permanent deforniiiy in the direction 
of the most commonly assumed posture. 

653. You can see all this exemplified if you observe the 
difference between males and females in regard to deformity 
of the spine. This deformity is exceedingly common among 
girls, while it is rare among lads. The simple reason is, that 
lads have the invigorating influence of free out-door exercise. 
Too much influence is attributed to posture in producing this 
deformity. Posture is often spoken of as being the chief 
cause of it, and this view of the subject is illustrated exten- 
sively with cuts, showing how the deformity is occasioned. If 
this were the correct view, there should be much less deform- 
ity among girls than among boys in our schools, for the form- 
er sit in a crooked posture much less than the latter do. 
So far as posture does have an influence, it is quite clear that 
the prim, fixed posture enjoined upon the girl has a tendency 
to produce deformity, by adding to one of the causes from 
which it proceeds, viz., the weakness of the muscles. A fixed 
uniform posture wearies the muscles, but variations of posture 
r*«lieve them, and so prevent an exhaustion of their power. 

054. The muscles of the back in the female are not only 
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weakened in common with the other muscles by a waixt of 
stirring out-door exercise, but there is a special cause of 
weakness in their case. The tight dress of the girl prevents 
these muscles from having that free action which the loose 
dress of the boy permits. You can see this in the difference 
of movement in the two cases. In the boy, the spine is bent 
and twisted in all directions freely ; but in the girl, both 
custom and the stiff tightness of the dress require a move- 
ment almost as if the spine were a single bone, instead of 
being made up of twenty -four bones. The muscles in her 
back, therefore, lose their power and fulness just as the un- 
used muscles of a palsied limb do. 

655. Variety should be aimed at in the action of the mus- 
cles. A continuous action of anv set of muscles is wean- 
some and painful. This is well exemplified in the punish- 
ment once much in vogue in schools, of making the ofl 
fender hold a book out at arm's length for some time. In 
the management of the muscles of the voice, the weariness 
caused by continued san^eness of action is oflen experienced. 
The monotonous speaker or reader tires out these muscles 
much sooner than one who has great variety in his tones. 
For remariis on this and some other kindred points, I refer 
you to §§ 382 and 383. 

656. A general exercise of all the muscles is essential 
both to symmetrical muscular development, and to the full 
attainment of the invigorating effects of exercise. Gymnas- 
tics and calisthenics, so called, are considered to be particu- 
larly beneficial in this respect. This is true of them ; and 
yet they are no better than any other exercises that are so 
varied as to bring the muscles generally into action. The 
varied exercises of walking, running, leaping, riding on horse- 
back, dancing, and active sports, are quite as good. And so 
also are the varied labors of the garden, if they be pursued 
with interest and pleasure. There is no especial benefit 
m the extreme variety of exercise sometimes aimed at in 
gymnastics. Variety that is sufficient to bring into general 
action the muscles of the body is all that is requisite. 

657. Gymnastics and calisthenics should always be con- 
sidered as subsidiary to the common exercises that I have 
mentioned, and should never be permitted to exclude them. 
When they are made to do this, a temporary benefit is reap, 
ed at the expense of a permanent injury. For afler the 
novelty of the round of exercises has passed away, they 
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are given up, and the common and now despised exercises 
are not apt to be resumed. Habits of inaction, therefore, are 
often confirmed, instead of being removed, by a systematic 
Course of exercises under the high-sounding names of gym 
nasties and calisthenics. 

658. It is necessary that some of the exercise taken should 
be such as to excite strongly the circulation. This I have 
already remarked upon. Exercise should also be taken 
daily. It should be habitual, and not occasional. The habits 
of the English are much better than those of the Americans 
in this respect. It is no uncommon thing for English ladies 
to walk off on excursions of such length, that American 
ladies could not possibly accompany them unless they rode. 

659. But there may be too much exercise. The toil of 
the laborer may be so severe and long continued, that the 
reparative process in the intervals of rest is nut competent 
to effect a full repair of the muscles. A gradual exhaustion 
of their power therefore results. Much harm is thus often 
done by severe unremitting toil. Especially is this the 
case when the excess of toil is exacted during the period of 
growth, as it often is among the laboring poor. 

660. It is necessary that exercise should be agreeable in 
order to produce its best effect on the system, on account of 
the genial excitement which then accompanies it. For this 
reason exercise should commonly not be solitary, and there 
should, if possible, be some object connected with it. If the 
observation of nature were made from the beginning of edu- 
cation as prominent as I claim in my Preflice that it should 
be, there would be no lack of objects in the rambles in 
field and forest taken both for health and the pursuit of 
science. 

661. What has been said of the muscles may be substan- 
tially said of the organs of the senses. They require inter- 
vals of rest for thorough repair. And they may be so over- 
worked that complete reparation may be impossible, and so 
their power may be gradually exhausted. The office of the 
senses is to receive impressions from things around. What- 
ever gives an impression to any organ of sense may be re- 
garded as a stimulus to it. If the stimulus be too great 
or too long continued, injury is done. ' This is very obvious 
in regard to the eyes. They are often injured by too much 
light. A word of caution is needed in regard to the produc- 
tion of near-sightedness. This is often caused in students 
end others by holding objects too near the eyes. 
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6621 1 come now to the hygiene of the brain. This is the 
great central organ or instrument of the mind, by which it 
receives the impressions made upon the senses, compares 
and arranges the knowledge thus gathered, and originated 
those 'impressions that are made by it upon the world 
around through the action of muscles. It is a very com- 
pound instrument. It needs, like the muscles, seasons of 
rest for the full repair of the wear and tear occasioned in its 
daily use. It may be overworked, and then the repair will 
not be complete, and gradual exhaustion of its powers will 
result, occasioning disease in some form. A signlBcant illus- 
tration of the importance of seasons of rest for repair in the 
case of the brain is furnished in the fact, that insanity is not 
apt to result from mental disturbance, unless the subject of 
it fail to have his regular sleep. If he sleeps well, the work 
of repair is so well done in the brain in its nightly seasons 
of rest, that the disease, which might otherwise occur, is 
prevented. 

663. With proper intervals of rest, the mind can perform 
a large amount of labor without injury to the brain and ner 
vous system, if there be no undue excitement, and no wor 
rying and depressing anxiety. This is shown in the length 
of life that so often accompanies the quiet but laborious 
pursuits of science. While, on the other hand, the excite- 
ment and anxiety of a life of business, especially as it is 
ordinarily pursued in this country, it is well known, is nut 
favorable to longevity. 

664. it is especially important that the brain should not 
be overworked during the period of its growth. The reason 
is the same as that which we have for the caution, so univer- 
sally observed, in regard to putting too much labor upon 
the muscles of a young horse. And yet there is buoyant 
activity in the child, which is disposed to show itself in the 
operations of the brain as readily as in the action of the 
muscles. If this activity be turned into proper channels, 
and be not too much stimulated, no injury will be done to 
the delicate textures of the brain. 

665. Although much is said of the danger of over-stimu- 
lating the brain of the child, the difficulty does not so much 
lie here, as. in the manner in which the mind is led to act 
There is commonly too much of mere drudgery, and of 
storing the mind with unintelligible, and therefore uninter- 
esting matters. The mind, accordingly, is dissatisfied and 
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wearied. The tedium of the labor exhausts, and so the 
brain is essentially impaired. When early education shall 
become in all respects what it ought to be, greater real ac- 
quisitions will be made than we witness now, without any 
injury to the growing brain. 

666. It is well known that undue mental excitement and 
the depression of anxiety are together apt to produce insanity. 
Though they generally stop short of this result, they always 
injure the health and shorten life. A firm and cheerful mind 
is favorable to longevity, but the anxious and fretting are 
seldom, if ever, long-lived. 

667. As the passions must have much influence upon the 
action of the mind, and therefore upon the state of the brain 
and nervous system, the proper regulation of them is essen- 
tial to health and longevity. Much of the positive disease 
of the brain, and of the general nervous derangement so 
common among the educated and refined, comes from the 
bad management of the passions. 1 cannAt dwell upon this 
point, but remark, in passing, that the fictitious literature 
of the present day exerts a considerable influence in this ' 
way. 

668. There are certain articles in common use in the 
community, which produce so deleterious an influence upon 
the system, that they demand a more extended notice than I 
can give them in this chapter. I refer to alcohol and 
tobacco. They act chiefly upon the brain and nervous 
system, the former as a stimulant, and the latter as a seda- 
tive. The use of opium is so limited compared with these 
that I shall not dwell upon it, especially as it is nev^r de- 
fended. 

669. No fact is more thoroughly demonstrated than that 
the system has no need of alcoholic slimulants while it is in 
a state of health. So far then as we look at mere necessity, 
these articles are to be considered simply as medicines, re- 
quired only in diseased conditions. But it is said by some 
that they can be used in small quantities without injury to 
health. This cannot be claimed with any shadow of reiison, 
unless in rel»tion to very small quantities. Entire absti- 
nence is at least safe, and there are so many other things 
supplied by a bounteous Providence to gratify the taste and 
the appetite, that we can easily forego the use of alcoholic 
stimulants; and we ought to be willing to do so, if the gooa 
of others require it. The common use of these articles as 
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Tobacco an active poison. Coffee and Tea— the propriety of their use lot nttltA. 

beverages is one of the most prolific of the sources of disease ; 
and it is a significant fact, that the very moderate use, claim 
ed by some to be innocuous, has a strong tendency to pass 
into a larger use, even so large that, its deleterious influence 
upon health is palpable. 

670'. The evidence i,s quite as clear in relation to the inju- 
nous effects of tobacco. This has sometimes been erroneous- 
ly termed a stimulant. The error arises from the well- 
known discomfort of the habitual user of it when he is depri 
ved of the use of this drug. This discomfort has a depress- 
ing influence, and "when his system is brought again under 
the influence of tobacco the depression is removed, not by 
any direct stimulating effect, but by the relief given to the 
uncomfortable sensations. Tobacco is really one of the 
purest sedatives we have. It depresses vital action. It acts 
chiefly upon the nervous system, and therefore, has a strong 
tendency to produce nervous diseases. While it is injurious 
to all, it is especially so to those who have a low vital action, 
and are disposed to nervous complaints. 

671. Tobacco is so active a poison that extreme caution 
is required whenever it is administered, as it sometimes is, 
as a medicine. The effects of even a small amount of it upon 
one that is unaccustomed to its use are of the most decisive 
charactei'. And that must be an exceedingly artificial con- 
dition of the system, in which, by continued use of this drug, 
large amounts come to be borne with little apparent effect 
The evidence of the deleterious influence of tobacco upon the 
system is as unequivocal as that which we have in regard to 
the influence of opium, and wonderfully strong is that sla- 
very to appetite that makes one persist in the use of this drug 
in spite of such evidence. 

672. Coffee and tea are often included in the same cate- 
gory with alcohol and tobacco. Granting all that is claimed 
in regard to the injurious effects of these articles, it is pre- 
posterous to class them with such poisons. The evidence in 
regard to them is conflicting, and all that is settled as yet is, 
that in some persons they exert a bad influence upon the 
nervous system. If this should be found to be true of a 
very large proportion of all who use them, the evidence 
would be conclusive against the propriety of their use as 
common beverages. But as yet this has by no means been 
proved to be true. 

678. There aie certain noisonous emanations, to which 
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the human system is often subjected, that are largely de- 
structive of health and life. They arise from deteoraposing 
filth of various kinds. Besides predisposing the system to 
the action of contagious and epidemic causes of disease, they 
also of themselves create disease, h is these' emanations 
that render the close air of a crowded city, especially in its 
narrow lanes, so impure and fairly poisonous. And this 
impurity of the air is one. of the chief causes of the difference 
in disease and mortality between the city and the country. 
The difference is greater than is generally supposed. It has 
been found by statistics in England, that there are 24 per 
cent, more deaths from consumption, and 55 percent, more 
deaths from typhus, in cities than in the rural districts, and 
the mortality from the diseases of childhood is twice as great 
in the city as in the country. In what way these emanations 
act we know not. But, although much is to be attributed 
to a mere want of ventilation, that is, to a lack of oxygen, 
there is no question that these emanations often ax^t as posi- 
tive poisons to the system. 

674» In developing the principles of hygiene, I have 
noticed many of the prominent causes of ill health and dis- 
ease. They are chiefly these: 1. A disregard in various 
ways of the rules relating to the digestive process. 2. Com- 
pression of the chest, especially during the period of growth. 
3. Deficiency in the supply of pure air to the lungs. 4. Fail- 
ure to guard properly against the influence of cold and 
heat, chiefly the former. 5. A lack of active exercise in the 
open air. 6. Overworking the muscles, 7. Errors in the 
management of the moral and intellectual powers. 8.. The 
influence of such articles as alcohol and tobacco. 9. Emana- 
tions from decomposing filth. It is well thus to look at 
these causes grouped together, endeavoring to give to each 
its due prominence. For various and exclusive views are 
oflen taken of this subject. Quite commonly some of these 
causes are kept entirely out of view, while others are strong- 
ly pressed upon our attention. Disease is generally a very 
compound result, produced by a concurrence of several of 
these causes, and sometimes even of all of them. 

675. These causes of disease, it will be observed, are more 
or less under our control. Some of them ace entirely so. 
A knowledge of their operation, and an earnest endeavor to 
remove them, would, therefore, vastly diminish the amount 
of ill health and disease. 

S5 
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676. It is true that there are some other causes of dise^ise, 
of which we know but little, and over which we have little or 
no control. Such are the causes nf various contagious and 
epidemic diseases. But these really produce a much less 
amount of disease than the causes which I have mentioned. 
Their action is occasional, and confined to localities; not« 
continual, and in all places. And besides, they may to a 
great extent be shorn of their power, by guarding against 
those causes of disease which are more or less under our 
control. It is those who neglect to do this that commonly 
become most readily the victims of contagions and epide- 
mics. 

677. There is much interest in the community in regard 
to the cure of disease, but there is a blind indifference to its 
prevention. And yet vastly more can be done in the dimimi- 
tvm oj disease by preventive than by curative measures. The 
ravages of consumption, for example, can undoubtedly be 
greatly lessened by preventing the operation of its principal 
causes ; and yet what is said about these causes is little 
heeded, and the public attention is engrossed with the 
delusions of consumption-curers. It is emphatically true 
of this malady, that multitudes more can be saved by 
preventive measures than by curative ones. Anainst no 
disease can hygiene achieve greater victories than this. 
The neglect to use preventive measures against this and 
other diseases arises chiefly from an ignorance of the prin- 
ciples on which these measures are based. The prevalent 
indifference, therefore, on this subject can never be fully re- 
moved, till the general introduction of Physiology as a study 
into our schools shall make these principles familiar to the 
mass of the community. 
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DIRECTIONS TO TEACHERS FOR THE USE OF THE BOOK, 

AND QUESTIONS. 



In order to be able to teach from this book properly, the tearher should 
himself study all of it thoroughly before he begins his instruction. If 
he merely keep a little in advance of his class, he will fail in his concep- 
tions of the general scope and plan of the book. If the interest of the 
subject awaken in him and in his pupils a spirit of inquiry, there will 
be a continual looking forward to points which are explained and illus- 
trated further on in the book. Now if the teacher has made himself 
master of all the subjects treated of, instead of turning off th^ inquiry 
of a scholar without an answer, or even the promise of an answer in the 
future, or endeavoring to clear up the points about which inquiry is 
made, which oi course he can do, under the circumstances, in an imper- 
fect manner at the best, he can satisfy the scholar by informinf him that 
these points will be found explained in their proper place at a future 
sta^e of the investigation. I have aimed to have every topic treated of 
in its right place in the development of the general subject, and the 
teacher should be thoroughly master of the whole book at the outset, in 
order that he may fully carry out my plan in the mode of develoning the 
topics to the minds of his pupils. 

It must be obvious to any teacher that he can teach the minutis of 
the subject with more of interest, to say nothing of thoroughness, i£ 
while doing it, he takes in the general views presented, and has in mind 
the relations of the particular topics in hand to other branches of the 
subject. Indeed it will be profitable occasionally for the teacher to 
afford the scholar some glimpses of the interesting fields to be explored 
further on, taking care, however, not to anticipate so much, as to mar the 
natural mefhod and order of developing the whole subject, which I have 
taken such especial care to observe in the preparation of the work. 

The teacher should read the book through in course. If, instead of 
doing this, he opens to some chapter in the middle or latter part of the 
book, he may get the impression that too high matters are treated of, 
and that the minds of his pupils are not competent to understand them. 
They cannot be understood unless there be a preparation of mind for 
them ; and just this preparation is aimed at m the first part of the 
book. And besides, it is quite important that th/9 subjects treat^H of 
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tfhould be developed to the mind of the teacher iii the name order ic 
which they are to be developed to the minds of his pupils. 

In the engravings clearness has been aimed at rather than beaaty. 
Yet I should not do the engraver justice if I did not say, that in beauty 
they are generieilly quite equal to those which we find in our staddara 
professional works on physiology. It is to De borne in mind that woodf 
cuts cannot represent correctly the beauty and delicacy of living struo 
tures. These can be realized only by seeing the structures themselves. 
Another thine; to be kept in tnind is, that parts which are represented in 
engravings with definite lines for the sake of distinctness, are ordinarily 
not thus distinct in the structures. To make them so, the dissecting* 
knife must separate them, and take off the cellular substance, which, as 
the general packing material of the body, everywhere connects adjacent 
parts together. 

The teacher can be aided very much in giving hb scholars a correct 
idea of dififerent organs, by presenting to them organs taken firom the 
bodies of animals. Thus, m giving them an idea of the lungs, Uie 
lungs of a calf or a sheep can be used. A pipe may be fastened into 
the windpipe ; and by blowing into this, you can show how the lungs are 
inflated. An idea of the appearance of the human brain can be given by 
means of the brain of a cal^ or any other animal of sufficient lixe. 
An ox's heart may be used in showing the structure and arrangement 
of the valves and other parts of that organ, for they are essentidly the 
same as in man. A very good idea of the arrangement of the cartilagei 
that make up the larynx, can be obtained from the larynx of an ox ot 
cow. The general shape and arrangement are the same as in man. It 
is some trouble to clear the parts of muscular substance, but the teacher 
can get some physician or medical student to do it for him. When the 
preparation is once made, it can be dried for permanent use. I have one 
which I made twenty-five years ago. In drying, it will be necessaiy to 
keep the wings of the thyroid cartilage apart by a wedge, and the 
supple epiglottis must be placed in such a position as not to interfere 
with a view of the interior of the larynx. The large eye of the ox can 
be made use of to show the various parts of that organ, and also to 
show the formation of the images of objects on the retina. 

One great advantage of thus using parts from different animals is, 
that a taste is given for the examination of the phenomena of life, with 
Its wonderfiil mechanisms, wherever they may be seen. All living na- 
ure thus becomes fiill of suggestive interest to the young student. 

There are some things of which plates can give no correct idea. 
Such, for example, is the cellular membrane. The attempt to represent 
t is made in most books on physiology, but it is an entire failure. 
I have a plate representing its cells as seen in a dried preparation units 
'^e microscope ; but to give the scholar an idea of it as it appears to the 
naked eye in its natural condition, I refer him to it as seen in any com* 
mon piece of meat between the muscles and between the fibres of each 
muscle. The teacher can use a piece of meat for this purpose. The 
difierence between muscles, tendons, and ligaments can be shown in the 
same way. 

Those figures which are mere diagrams it will be well for the scholar 
to draw on the blackboard, and his skill in description and remark may 
be exercised for his own benefit and for that of the class. He shooW 
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be trained in this exercise in such a way, that he will acquire the power 
of giving well-proportioned and well-arranged deteriptions, without the 
aid of prompting by minute questions from the tejcher. 

It will be proper to say something of the use which should be made 
of the questions that I have prepared. I have t.wo reasons for not 
placinff them at the foot of the page. One reasoQ is, that the book 
18 design<!d for general reading as well as for instruction. But the 
chief reason is, that I wish to prevent a too free use of questions on the 
part both of teacher and scholar. The marking with the pencil of parts 
which contain the answers to the questions, so ( ften done in our 
schools, should never be permitted by the teacher. Tor reasons that I 
need not stop to notice. 

The scholar should read the text at first without reference to *he 
questions ; and then the questions can be made use of, perhaps with 
profit, to fix definitely in the mind the principal points Ihat are brought 
out. It will be a useful exercise for the scholar, after rtadinff a page or 
twoy to think over the main points, and then see by the aid of the ques? 
tions whether any important point has escaped his recollection, or fidled 
to make the proper impression on his mind. 

The questions that I have constructed will, I think, be found to be 
fitted to the great majority of scholars. But of course the teacher will 
▼aiT them to suit the difierent capacities and menta attitudes which ha 
finds in his class. 

It is best not to have an uniform mode of asking questions, even with 
the same scholar. Variety should be given to the ix^v\e of hearing the 
recitation. Sometimes the questions should be mii«ute, and at other 
times the mind of the scholar should be left to go on \»'ath as little lead* 
ing as possible. 

The scholar should be encouraged occasionally to gi **« the substance 
' of a whole paragraph, or even of more than this. la. doing so, any 
failure in arrangement or proportion can be noticed by '« teacher, for 
the benefit not only of the scholar that is reciting, but aU of the whole 
class. The general scope of an argument may also be viv^a in the 
same way, ami the manner of doing it be made the subjec A cntvnsm. 

The numbers attached to the questions refer to the pag ibU * Hnff 
more convenient to the scholar than a numbering by paraj >M<ift ^ 
be, though of course it cannot be quite as definite in all cat >■ . 

36* 
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QUESTIONS. 



CHAPTER L 



13. In wliat fespeet are a eiyital and a plant aliket How do thaj 
Jiffer in the modes of their formation 1 W hat different offices do th« 
organs in a plant perform 1 What is meant when we call the plant aa 
ttrgamzed substance, and the ciystal an unorgamzed substance 1 

14. Do the organs in the plant act wholly on medumkal principles t 
Or on ekemieal f What principles control the mechanical and the che- 
mical ! What two classes are there of organized living beings 1 How 
do they differ as to the complex character of their organization 1 Under 
what two ffrand divisions do you class all the substances of the mate- 
rial world f How do plants and animals differ from minerals as to die 
parts of which ther are composed 1 

15. What is assunilation 1 Explain it as it takes place : — ^First, m 
the plant, and secondly, in the animal. How do organized and unor- 
ganized substances differ as to permanency 1 Point out the mode and 
the extent of the change that occurs in the organized. 

16. Why is there more change in animals than in plants 1 How 
can minerals be changed 1 Are they productive, as animals and plants 
arel Contrast organized and unorganized substances in regard to 
change in the phenomena that you see in the world around you. 

17. How do organized and unorganized substances differ as to regu- 
larity in form 1 What does irregularity in the unorganized arise £rom ! 
How does the law of regularity operate in organized substances? 
Does the exactness which it sometimes shows appear in straight or in 
curved lines 1 

18. In which is the regularity tlio most wonderful, the organized, or 
^he unorganized, and why 1 Give the four reasons assigned : — First, as 
to change ; secondly, as to variety of form ; thirdly, as to its continu- 
ance from age to age ; and fourthly, as to its preservation in the midst 
of a certain range of irregularity. 

19. Exemplify the last point by reference to the human countenance 
How is the law of regularity exemplified in the two halves of the body ? 
Mention some organs which are destitute of this symmetry ; mention 
also some animals that do not exhibit it. What is the distinction 
>etween organized and unorganized substances as to limit of size 1 

20. How do organized and unorganized substances differ as to their 
«tructure 1 How do they differ as to the number of elements of which 
ibey are composed 1 What are the four principal elements of organ 



bed bodies ? Which one of those u solid 7 In nhat form are the othei 
three! How many elemaatary subalani^es are there in the material 
world ! How man; ol' Iheae are found in plants and animals 1 

CHAPTER II. 

SI. Point out the difibrence between the plunt and the animal aa to 
locomotion. How doea this iliSbreacB make it neceaaary that the ani- 
mal ihnuld have a stomach ' Trace the analog between the stomach 
in the nnim-.l nnd the roots in ihr pUnt. What is the dilTerencB 
between most animals uid planu as to central orgsnsT What is theii 
dilTeience as lo the eSect of tnulilatiuii upon them % 

Sit. What is the distinction between animals and vegetables as to sen 
sation and spontaneous motion 1 Havo sJI animals consciousness and 
thought' Name some exceptions to the distinction a* to locomotion. 
What is the difleience between the motionB of such plants ai the senii- 
tiTS-plsnt and catch-fly, and those of animala! Make the comparison in 
relation to the hydra, which describe. 

33. Can the distinction as to a digestiie caiity always be made out ' 
If tt could be, should it be considered an essential distinction! What is 
the really essential distinction between animals and plants ! What part 
of the structure of animals is peculiar to them ! Has this stmcture 
fver been discovered in any plant ! Why ought we to bo able to di>- 
cover it in ttio senaitivo-plont and catch-fly, if il were the cause of thejr 

84. Is the nervous system necessary to the carrying on of nutrition ' 
What are the tiinctions of Drganii: lite ! What of aninui^ life 7 What 
is the order of action in the nervoas system 1 In what respect is this 
order not observed in some cases! Give some cxaiuples of instinctivo 
and automatic motion. How does the heart ilifler from the muscles of 
breathing ab to the influence of sensation and of the will on its action* 

25. Whal is the oliice of the central organs of the nervous sjatem 
in sensation and motion! In {)ropartion lo what is the chief central 
orgun, the brain, found developai! Describe in general the ditleience 
in development between the nervous system and the system of nutri- 
tion in different animals. Does the nervous system undoubtedly eiisl 
in those animals in which it cannot be found! ~ 

36. What reason have we to attribute to such animals the oicrcise of 
thought, will, and conscioueness 1 lUustrale by reference to the Hydra. 

37. What is the distinction between animals and plants as to their 
chemical composition! In wliich is carbon the characteristic element, 
and in which is it nitrogen ! From what organs in animals is carbon 
thrown off! In what organs in plants is it absorbed ! 

CHAPTER HI. 

37. How is man commonly classed in tlie animal kingdom! Un 
whal iTound can iho classificalion bo claimed to bo correct ' Does this 
claseincation recoenizo at nil the essential distinctions between man and 
other animals ! Whnt ore those distinctions! 

39, Should the Tcceivetl classification be considered as giving man hit 
true position in the scale of being! What bearing has man^ ininor 
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tality on this subject 1 Is the difference between sum and otiMr aiii- 
mals like that wUch we see between different animals 1 Is it a mere 
difference of degree 7 What notice should the naturalist take of At 
difference ] 

29. What is the distinction made in the conmion classification 
between man and such animals as apes and monkeys 1 Can these animals 
oe properly said to have four hands ] How do the hands which they are 
said to have resemble the hand of man, and how do th^ differ from iti 

30. What is said by Sir Charles Bell about the handl What by 
Aristotle, and by Anaxaforas 1 State some particulars in which the 
structure of man differs from that of the inferior animals. 

31. What relation have the peculiarities of man^s organization to his 
mental peculiarities 1 Why is it important that the essential distinc* 
tions between man and animals should be prominently taught t What 
is the theory of Kobinet 1 

32. What is the teaching of a lr«e science in regard to the Creator's 
agency 1 What is the theory of gndations in nature 1 What are the 
objections fatal to this theory, as stated in 4^91 

33. What are the real gradations in nature 1 Are these gradations 
in each of the kingdoms regular! Is man inferior to some animals in 
certain endowments? Give soia* examples. ' Is it strictly true that 
man is the most perfect of animals ! In what respect is there a grada- 
tion in the three kingdoms of Nature 1 Is all Nature uhsUy tiibutaiy 
to man 1 

CHAPTER IV 

35. Of what advantage is it to the student, in studying human physi- 
ology, to observe the analogies in the processes of life between man and 
other living beings or things-'? What is the difference between Anatomy 
and Physiology'? 

36. What ninciions distinguish animals from plants 1 Into what two 
elasses of subjects is Physiology natui^aliy divided 1 Rema^ on the 
wide range of subjects presented in Physiology. In what respect does 
this study differ from all others 1 

37. Of what two parts is bone composed] What are the propor- 
tions of these parts in childhood — ^in adult age-^and in old age 1 How 
can you obtain these parts separate from each other 1 What is th« 
animal part of bone 1 What relation does this sustain .to the mineral 
part 1 What is the arrangement of the two parts of bone in the very 
young child 1 What is true of the skeleton of many fishes 1 

38. Mention some cartilages that never have any mineral matter 
deposited in them. With what are the bones joined together! By 
what are th^ moved 1 How do muscles act 1 What is the office of 
the tendons f What is their structure 1 What is the most common 
texture or tissue of the body 1 Why is it called areolar or cellular f 
How can you get the best idea of this texture 1 Mention its different 
usesl 

39. In what portions of the body is this tissue most abundant 1 In 
what ways does the free communication between the cells of this tissue 
ftecoine manifest to us 1 How is its elasticity affected by dropsy in it ? 

40. What are the uses of the fat deposited in the cells of this tissue^ 



WllBl fact ii slalei] in regard to hibernating animals 1 How ia tha tiX 
kept from ooiing thion^ the pores of its cella 1 What cavilies doa 
the miicmu tiisuo line I How is the secretion of mucus eifcctcd '. What 
U iu chief use ! 

41. What parts of organs pjo lined by tha lermi tissuoT Tn wh»t 
important leapecc do seroua membranes i'lfCet from mucoua l Whnt ia 
'' appearance of the eerous membianea I How is dropsy produced in 
a? Are the orgSinB ofthe body compOBed of many tisanes ! Take 
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CHAPTER V. 

♦3. Give B summary of the proceaBea of digestjpn. 

43h Of what Eubstanf^os is the body of a tooth composeil, and hovr 
are they arranged? What are the different shapeg of teeth, and for 
what diirerent purposes are tliey fitted ! How do the teeth of camivor- 
jus anunals difler from thoac of the herbivorous! Huw dues the 
motion of the lower jaw differ in the two classes! 

«. What is the shape of the toBth in the inicctivoroua ! What in 
the trugivoroua I What is the peculiar arrangement of the enamel in 
the teeth of the herbivorous, and for what purpoael What can be 
Inforred about an animal from on examination of his teeth t Wliy ia 
man said to be an BmniBOrma animal ? Why are his tearing teeth less 
in length and in power than those of canUYorous animals'! 

45. What has ths common whale in place of teeth! What ia the 
purpose of the arrangement! What Bupplies tho place of teeth in 
Ufds! What ii the use of the saliva! Describe the situation and 
arrangement of the glands that supply thla fluid. 

46. How much saliva is secreted by the salivary glanda during 3 
tnenn Why ia more saliva than usual needed when one is speaking! 
What effect does motion of the mouth have on the secretion! How 
ore these ralivary glands effected by tobacco-chewing 1 

47. Eiplain the influence of sympathy in the secretion of saliva. 
What are the two binda of Suid secreted by the salivary glands, anil 
what is the purpose of each fcindl Describe the various parts engaged 
in the act of swallowing, aa represented in figs. 10 and H, 

49. Describe the arrangement of muscular fibrea in the CBaophagua. 

60. What is the cliarocler of the gastric juifcel By what Is it 
fbrmedl Doscrihe the apuearonce of the mucous membrane of tlie 
stomach, as seen by Dr. Beaumont, in the case of Aleija St. Martin. 
To what ia the amount of gastric juice proportioned 1 What is the 
effect of alimulaling the stomach to too large a aecretion of it from day 
todayl What is the nature of iti action on the food! How is the 
application of it to all portions of the food secured ! 

SI. Describe the arrangement of the muscular fibrea of the stomach, 
and the manner of their action. What is the chyme I What ia tha 
arrangement of the valve called the nyfonti .' 

63. When is the pylorus* especialW iu action ? If there be difEculty 
ia digesting the food, what is the effect on the action ofthia valve! 

63. What ur« the different theories in regaid to the procoss of di^*- 
tun^ What is the true character of the process^ What is the conai' 
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qaeDce if fresh food be introduced into the stomach while the pro c e s i k 
going onl Why is the practice of eating between meals a bad onet 
Why does eating fast, do harm? What eflect has great variety in 
foodl How does exercise affect digestion 1 Relate the experiment 
with the two dogs, and state what it proves. 

54. What shows that hunger docs not arise from emptiness 1 What 
that it does not arise from the irritation of the gastric juice 1 What is 
the cause of hunger 1 What is the seat of the sensation 1 Upon what 
does the degree of hunger depend 1 What must be the state of the 
stomach to have this sensation exist 1 

55. How do mental impressions sometimes destroy the sensation of 
hunger 1 How does food remove it so ihuch before any nourishment ii 
diffused through the system ? What is the cause of thirst 1 Where \a 
its seat ? 

57. Describe the arrangement of the digestive organs as seen in fig. 
16. What are the uses of the mesentery 1 Where are the bile a^ 
the fluid secreted by the pancreas mingled with the chyme 1 What is 
one of the offices wnich they execute 1 

58. What is the chyle 1 What are the lactealsl What glands do 
they enter 1 After passing on from these, glands, into what duct do they 
empty the chyle ! What is the size of this duct, and where does it 
pour its contents 1 

59. Describe the operation of the suction power at the mouth of 
the thoracic duct. What becomes of the chyle thus forced into the 
blood 1 Why is the mucous coat of the intestine full of folds 1 

60. What is the general rule by which the variation in the digestive 
apparatus in different animals is governed 1 Exemplify by a compari> 
son between herbivorous and carnivorous animals. What is the length 
of the alimentary canal in the lion 1 What in the sheep 1 What in 
man 1 In what animals is the stomach most complicated 1 Describe 
the apparatus of digestion in the sheep, and its successive processes. 

62. nTiich of the four cavities in the sheep's stomach is the real sto- 
mach 1 Into which cavity does fluid matter always go 1 What is the 
arrangement when the animal is suckling 1 Describe the digestiYC 
apparatus of birds as exemplified in the turkey. 

63. What circumstances govern the variations of the digestive 
organs in different animals ? What is true of the stomach in the lower 
orders of animals 1 What peculiarity is there in the Hydra in regard 
to its 8t(Hnach.'! 

CHAPTER VI. 

64. Whut are the different parts of the apparatus of the circulation ? 
Describe the agency of each in circulating the blood. 

65. What relation does the heart bear to the rest of the circulating 
apparatus 1 What is the difierence between the arteries and the veini 
in their structure 1 What two reasons are there for this difiference \ 
WTiat is the pulse 1 

^ 66. How do the arteries and veins differ in the mode of their divi- 
sion 1 How does the venous system differ from the arterial in capacity 1 
How in regard to xapidi^ of dow of the blood ? Describe the valves in 
«lie veans. 
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67. Wli; are llioae valvcij needed '. Why ix il more dangeroui to 
wouiu) an arteiy thuii a vein I Give Bome eiamplee, showing how on 
thiK account the arteries oio eeated otore deeply than the vemi. 

66. 'Wheie are tlie atlc^rios sLiperliciB.llj situated, and why ? Deicribs 
the common mode of bleiMling Icom the arm. What in the prapei nay 
te Itop bleeding from an artery \ 

6S. What is an aneurism! When a ligature ia lied around the 
artery above an aneuriun in a limb, bow is the limb to be supplied with 
Uood t What is the chief agent in the cireulotion of the blood 1 How 
can you illusttale tlic contraction and the dilatation of the heart 1 

TO. What phenomena show that the blood-veEBols ciert an active 
ajfency in circulating the blood 1 How does the circulation through the 
liver show that the capillariea are acliie agents in circulating the 

71. Why arc the veins generally fiill of blood allcr death, while the 
•rleriei ori' nearly empty '. 

19. What is the origm of the term artery ! Why do we not in com- 
mon lunsuage speak of the blood as runnuig in the arteriDH an well lu 
in the isinB 1 When did Harvey dUcover the circulation of the hluod ' 
What is (he color of the bluod in the arlories J What color hus it iu 
the veins! Where is it changed from red W puiplel What other 
changes besides that of color take place ! What would be the conse- 
quence if the dark venous blood should be sent to the brain 1 

73. Where is the change in the blood from purple to red effected? 
How is the apparatus arranged so as to send the purple blood to the 
lungs to be changed ! ExplMD the diagram showing the plan of the 
two circulations. 

74. What is the dilTerence in the two circulations as to the color of 
the blood in the veins and the arteries ! What ia the diiTereiTce betweei 
the change of the blood m the capQIaries of the lunga, and that which 
takes place in the capillaries of iho general Bystem \ Describe the parti 
of the tight half of the heart as represented in Fig. SS, 

75. Describe the manner in which the auricle and ventricle, with ths 
valves, act. Give the illustrBtion as represented in Fig. ST. 

76. What is the difference in size and strength, between the auricle 
and ventricle 1 What is the size of tbo heart ! Describe the arrange' 
ment of the val..a of the aorU. 

77. Describe the special provision lo prevent leaking in these valves. 
How are the wails of the heart supplied with blood 1 

78. Describe the valves between the auricles and the veatrlolea. 
Why are they regulated by muicUi t 

79. Why are there no valves where the blood pours into the aaricle 
from the venn cavsj ! Describe the parts of the heart as represented in 

Fig. ai- 

81, Describe (he circulation as given in the map of the heart in 
Fig. 38. - 

8a. Describe ths situation of the heart and iia blood-vessels, as repre- 
sented in Fig. 3i. 

63. How do the four parts of the heart act without dislurhance ! 
Whol is the ditlerence between, the two sounds of the heart ! What is 
the cause of the first sound I What of the second ! How is the puhie 
[irndurod ' Eiplain the impulse of the heart against the chest 
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84. E^lain the plan of the pericaiditiiiL 

85. Hae the heart an^ repoeel Gire aome caleubtioni a« to tht 
juKMint of work it does m a lifetmie. 

■ 

CHAPTER VIL 

86. What two objects are efiected by the leapiiatioii ? Of what an 
the hingB composed 1 To what is their mpongy ughtneaa owing? How 
minate are the air-ceils or vesicles 1 In what wacj is the change pro- 
duced by the air in them upon the blood 1 

87. Describe the arrangement of the larynx, the trachea, the bfondu, 
and the lungs, as exhibited in Fig. 36. How are the heart and the 
hings arranged in the chest 1 

S^ What is the pleura ? Why are the lungs not festened to the 
walls of the chest 1 Describe the manner in which the air is made to 
enter the chest in breathing. Describe the framework of the diest, as 
represented in Fig. 37. How are bolh lightness and strei^gth secured 
in this structure 1 

89. Wl^ are the ribs ioined to the breastbone by means of carti" 
laffes 1 What is the chief connecting material of Uns ftamework ? 
What is the diaphragm, and how is it arranged 1 

90. How does the diaphragm act ^ DesCTibe insfMration and expira- 
tion as illustlrated by Figs. 38 and 39. 

92. In what way do other muscles, besides tfaie diaphragm, act in res- 

{irationl Describe their arrangement and action, as represented in 
^ig. 40. 

93. What is the arrangement of the muscular fibres between the ribs, 
and their mode of action 1 In what directions are the ribs moved by the 
muscles in the neck and between the ribs ] Do these muscles act much, 
if at all, in ordinary easy respiration 1 Under what circumstances do 
they act strongly 1 

94. If air were admitted to the outside of the lungs by openings in 
i^he walls of the chest, what would be the result 1 How are the blood 
and the air kept from mingling in the lunss, while they are brought so 
near together that the air changes the blood 1 What experiment shows 
that blood can be acted upon by air through pores 1 How important is 
the office of the air-cells ? What provisions are made for securing to 
them sufficient room under all circvmstances 1 Illustrate by refereiice 
to the state of things in violent e^syise. 

95. If the expansion of the chest ke restrained in any way, what in- 
fluence is exerted upon the air-cells 1 In what two ways does violent 
exercise injure the lungs when the chest cannot be well expanded! 
What is said of the influence of compression of the chest in the pro- 
duction of disease in the female sex 1 

96. What is said of the extent to which compression of the chest is 
often carried 1 

97. What is said of the gradual moulding of the chest by continued 
compression during its growth 1 How is 4eath produced in drowning 1 
How is water prevented from getting into tfie lungs in any quantity ? 
If arterial blood could be supplied to all the organs while the breathing 
18 stopped, what would be the result 1 What contrivance has the whalt 
for this purpose ? 
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9S. What is the urangomeiit of tbe ^a of a Seh 7 By what oxp»- 
riment can 700 prove that it it the air in the nater that acts on the 
blood in the {;lI1b, and tlius keeps thu Asli alive 1 Whj cannot the fish 
use air tliat ii not niiiigiad with water \ What proTiiion in the Imd-crali 
enableo bim to live in air ai well aa in water ! Describe the arrange- 
ment of the gil)« in the lob-worm, and the larva of the Maj-fly. 

99, How are the re>piratory organs arranaed in iniiectBi What u 
the elTect of covering their stigmata with varnish ! 

100, For what two purpoaes is the apparatus of respiration largely 
developed in birds ! What special arrangement ta there for securing 
lightness ? 

ttii. By what experiment can you show that carbonic acid is thrown 
off from the lungs ! What are iflo coinpononta of the air, and what ie 
Ihetr proportion ! Which of these is essential to life ! Why woulli ir 
not he well to breathe pure oxygen alone 1 Where has il been sup- 
poted till recently that the oiygcn of the air unites with carbon to make 
rsrbnnic acid % Where does this union lake place 1 

102. What facta aettte the last question 1 Does the change effected 
by the ^r upon the blood in the lungs Cake place to some extent, when 
blood drawn from a vein is expoBM to air! Wliat experiment illus- 
trates the manner in which the air acta on the blood in the Innga ! 

103. How much carbon ia contained in the caitonic acid thrown off 
(rom the lungs in twenty-four hours ! What effect doeathisgoa produce 
upon the health if ventilation he imperfect ! 

104. What bocomcn of the carbonic acid thrown off &ora the lungs 
of animals ? How ia the air replenished with oijgen 1 How is ibe 
equilibrium preaerved in different climatea 1 What effect baa light upon 
the discharge of oxygen from llie leaves of plants t By what proceas 
is the heat of the houy maintained ! Trace its analogy to ordinary com- 
bustion. 

105. What was formerly supposed in regard to the place of the pro- 
duction of animal heat1 What objection was mode to ibis supposi- 
tion I Where was it at length discovered that tbe heat is made! 
What are the three sources ot fad (or keeping up the animal heat I 
Why ie so large a quantity of oily food eaten in cold climates ! How 
do told and tropical climates diHet in the provisions of nature in this 

106. How is tbe use of fat in maintaining heat exemplified in hlhei 
oating animals 1 Whence comes the heat produced by eiercise 1 Why 
is heat in different animaia pronortioneil to their degree of activity ! 
I^ontrast the warm and cold-blooded animals in this reapect, 

107. What is the ordinary lemperalure of the human body 1 What 
ia esaenlial to comfort as to tcmperaturG in man ? Detail Eip"-^— "'- 
which show how high a de^^rce of temperature con he borne, 

108. How are the evil effects of eicessive heat in auch i-ises chieDy 
prevented I How nmcb does the state of torpidity vary if. different 
anlmala! On what does the degree to which a depriTaliol, '.'Jircan b« 
borne depend 7 . 

!09, How are some strange recoveries from drowning lo 'le .-rpbiiiied ? 
How &r are the chenseal changes described in this cni^W 6.pendeii> 

3(> 



122 APPENDIX. 



CHAPTER Vlll. 

109. By what is the building and repairing of the body done 
Have the vesseis by which this is d<Hie, the power of selecting their id» 
lerial from the hiood \ 

110. Illustrate the variety of structures formed from the blood by 
Caking the eye as an example. Give examples of the c!o*operation of 
the formative vessels in their work. 

111. How is the concert of action in these vessels illustrated in the 
definite but various shapes of the structures which they make ? How 
.8 the wondcrfulncss of this co-operation shown by comparison with 
the formation of a crystal I 

1 12. Illustrate the agreement necessary between different neighbor- 
ing sets of formative vessels in the process of growth. Illustrate the 
wonderfulness of the concert of action in the formative vessels, when 
there is a change of action. How is this exemplified in certain ani- 
mals, as the frog and the silkworm 1 

114. How is this change of action exemplified in the enlargement of 
communicating arteries, after tying an artery in case of an aneurism 1 

115. Describe the agreement of action seen in the successive changes 
that take place in the formation, discharge, and healing of an abscess. 

116. Notice the agreement of action between the formative vessels 
and the absorbents m the cases mentioned. Are the secretions of 
organs made from the same material that the organs themselves are '; 
W hat exception is there 1 

117. How many kinds of waste particles are there 1 By what ab- 
borbents are those particles taken up that can be used ajjain ? "WTiat 
organs probably fit thorn to be used again as a part of the building ma- 
terial ! Where is the lymph^ which they compose, mingled with the 
blood \ 

118. By what are the particles that are wholly useless absorbed 1 By 
what organs are they excreted or thrown otT from the body I Do these 
various organs excrete different parts of this waste 1 Do we know why 
this waste matter is introduced into the blood, instead of being thrown 
off in some more direct manner \ Give some examples in which other 
functions besides excretion are performed by the same orgap. 

119. What are the various functions of the skin \ Describe its struc< 
ture to show how well it is fitted for these functions. 

120. How extensive is the tubing of the sweat-glands ] In what t^^o 
respects is the excreticfn from them important 1 What is the diflerence 
between insensible and sensible perspiration 1 What are the sebaceous 
glands 1 What purpose do they serve 1 Where are they most abun- 
dant] 

121. Upon what does the rapidity of the change constantly going on 
in the body chiefly depend 1 Which has the most influence on this 
change, mental or bodily labor 1 Illustrate the influence oi activity on 
this change by a comparison between the frog and the canary bird. 

122. Illustrate the same influence by a comparison between different 
parts of the body. Why does the change of the particles vary much in 
rapidity at different times '? What is said of the mingling of life and 
death in the changes oi the particle^i ' 



CHAPTER rx, 

133. What has baen the cammun idea about \vha.t are called ibrma 
live yCBael* 1 Bj what are all tbe minute qperationa of the ajnem per- 
ibmuHl { Hon do Itie cells dilTei from the cells in the cellular tissue 1 

1S4. What da these cells contain? What is to he aaid of llieic form 
Describe them as seen in the blood. Of what arc tlie aoljd parts of tha 
faodj composed I 

136. How do the cells appear as seen m the Hydra! Upon what 
does the character of tnaiiy of the leiLurea of the body depend '. What 
U tlie chief dilfercnce battvcen the various glands of the bod; ! Upon 
what do the colors of various parts depend I How arc the colors of 
Sowers varied in bind and in degree ', 

1 3S. Illuatrale the selecting power of the cells. Can we account for 
t is said oi the idea that the selection is the result 



this power ! What ii 









n difierent animals, and in differ- 



of Bllinit; ! What is said of the changes that take place in tbe i 
tents of the cells '. in what two w 
137. How raanj kinds of cells a 
the red color to the blood ! What a 
cells \ How does their amount 
enl individuals of (be human is 

128. Describe by the figure the manneT in which absorption is poi- 
tormed on the surface of the mucous membrane in the bowds. 

129. Describe in like manner secretion hj Fig. 63. 

• 130, Of what is the cuticle or scarfskin composed ? How many 
Abnlla are there in a muscular fibre! What is each one of these 
fibrilln! What takes place in them when the muscle contracts! 
What is the cause then of the swelling out of a muscle when it acts ' 
How minute are the cells in muscles! 

131. What solid animal dcpoeits are mode by cells! Describe tlu) 
arrangement in tlio enamel of the leclh. Of what are the nerves com- 

133. What has been found in regnni to combinations between the 
tubuli of the nerves I How are these lubuli made froin cells! In 
what other parts of the nervous system besides the nerves, are ihej 
found ! What is the oiiice of the tubuli ! What is the office of th* 
gray substance of the braui 1 Of what is this substance cliielly com- 
jfosed I What is said of the form of its cells 1 Where does the micio- 
tcope show us is the begianing of life 1 

133. What is the eiieni of the agency of the colls ! In the formH- 
lion of every animal what precedes the appearance of any diversity of 

134. Describe the arrangement of the contents of an egg, 

135. Describe the succession of processes that take place in the yolk 
preparatory to the formation of the bird. Frow what material are all 
the parts of the bird made 1 

130, What is the aUantoit, and what is its office ! How can you 
prevent it from performing its oiiice. and thus arrest the development of 
tbe animal ! When the bird is fully formed, how is he enabled to burst 
•h. .k.ii I u/i._. i, t\^g grand distinction betwren organised and uno^ 



the shell < 
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137. What comparison is made between gravitation and cell-fife 1 
Compare the exhibition of the Creator's power in the minute and in the 
large operations of nature. What comparison can you make between 
the beauty of nature as seen by the naked eye, and its inner beauty 
revealed by the microscope 1 

CHAPTER X. 

139. How far are the functions of nutrition alike in animals and 
plants 1 How has the microscope shown formation to be essentially the 
same in both 1 Through what system are the uses for which the body 
is constructed secured ? 

140. Why are the functions that are performed through the nervous 
system, cadled functions of animal life 1 Why are they also called func- 
tions of relation 1 Through what intermediate instruments does this 
system perform its functions 1 How does this system vaiy in compli 
cation in different animals 1 

141. How much is learned through the nerves and their subordinate 
organs, the organs of the senses 1 Mention the subjects to be treated 
of in this third part of the book. What are the three parts into which 
the nervous system may be divided! 

142. What three things are necessary to sensation 1 Illustrate th« 
necessity of each. What three things are necessaiy to voluntary mo- 
tion 1 Describe the arrangement of the parts of the nervous system as 
represented in Fig. 72. 

144. Describe the arrangement and structure of the brain as repre- 
sented in Fijr. 73. 

145. What part of the nervous system is most immediately essential 
to the continuance of life 1 And why 1 Illustrate by facts. What are 
the convolutions of the brain 1 Describe the membranes of the brain — 
the pia mater — the dura mater — the arachnoid. 

146. What is the consistence of the brain 1 What is the arrange- 
ment of the gray and the white substance 1 

147. Does the arrangement of the convolutions favor the idea of the 
phrenologist 1 Of what is the white substance of the brain composed 1 
What function is performed by it 1 What tubuli transmit impressions 
from the brain 1 What transmit to it 1 What is said of the size of the 
tubuii 1 

148. What is the function of the gray substance ! In proportion to 
what does its amount vary in different animals 1 Is there gray matter 
at the extremities of the nerves 1 

149. With what are the cells in the gray substance mingled 1 What 
is said of the necessity of a supply of arterial blood to this substance 1 
How does the arrangement of the gray and the white substance difier 
in the brain, in the spinal marrow, and in the ganglions 1 What are 
ganglions'? What ar^plexusesl 

150. Why is the gray matter so largely supplied with blood 1 What 
has the microscope shown in regard to the changes going on in this sub- 
stance 1 What IS said of the manner in which the nerves terminate in 
the organs of the body 1 

151. Where are the Pacinian corpuscles mostly found! Describe 
their structure. What do we know of their use 1 




162. What IB Ihero Ihiit is wonderful in the healing of a divided 
What do Ibo obaon-ations of M. Sfiquard shorn' Whsl &cl 
la prored by the experiments of Dr. Haighton '. What does this fact 

153. What nervous changes oi 
parts that do not belong together ! Do the i 

aation and for motion 1 In what part of the bodj are nerves of differ- 
ent kinda kept separate 1 How is it in all other parts ! What ia the 
arrangement uf the nervos that branch out from the spina! n 

What two purposes do the two to ' "" "" ' " 

ascertained ! 

154. Are there diflerent nerves for dilferent kinds of sensation t 
How is It in the eye! How in the nose ! What is a nerve of cummon 
sensation! Wbat is b norve of ipccial sensation ! Is each nerve fitted 
for its own peculiar office f niustrate bj reference to the nerves of lbs 
eye. Notice particularly the efTects produced, if the nerve of common 
sensation in the eye he paralyzed. 

155. Why are diHurent parts of the body endowed with different de- 

Seea of sensibility! What organ is more sensitive than any other! 
DW muoh sensibility have the mnsclea ! How mnch have the bones ! 
What fact is related to show the use of the sensibibty of the skin in 
prevenljng injury ! What change lakes place in the sensibility of inter- 
nal parts when ihey become inflamed 1 What benevolent purpose ia 
there in thiBl Does a nerve, as a matter of course, have sensibility 1 

156. What is true of the brain in relation to uenaibility! Wbat of 
the heart! Relate the case given in illustraliun. Is the heart well en- 
dowed with nerves 1 With what nerves is it t-ndowed ! What is said 
of the nerves of motion in the face! What are the appearances when 
the nerve, of eiprossion in Ibo face is paralyzed ! Why ia Ihia nerve 
called the ratpiralnry nerve of the fece ! 

1ST. How ore the motions of expressien in the kf.e. connected with 
the motions of respiration ! Describe the results when (bis connection 
U broken bj a pamlysis of the respiratory nerve of the faco. 

ISB. Hon man^ difTerent nerves are devoted to the eye! Wbat are 
their dille[«nt offices ! Of nerves going to the same part may one be 
pained while another is not ! Give Home illustrations. Give the case 
nlated by Sir C. Boll, 

IS9, Are the nerves of different kinds all alike b their structure and 
composition! Why cannot the impression producing sensation be 
with the impression producing motion! 
:ontly the moat common iheory in regard 
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trsnnuilted by the si 

160. Wbat has been till n 
lo the action of the nerves ! 
that nerve-force is identical witfi electricity, b 
an4 experiments that disprove this. 

direction is voluntary motion ! Does voluntsi; m 
ui consequence of sensation, and somelimes not 1 Illustrate this. Give 
the reiemhlanco of the nervous systpm to a telegraphic apparatus. 
Wliat ia true of motion caused by mental emotions! 

16a. Give soma examples of musi^les that are wholly involuntary, and 
of muscles that are partially so. What ia the difference between an 
(niter ami a motor nerve ! [Iloetrate by reference to the respiration— 
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the oontnustioL of the iru — ^and the action of the muscular coat of tlw 
■tiMaach. 

163. Why iii the action of these two classes of nerves called a reflex 
action ! Do w 3 know what is transmitted through the trunk of a nerve 1 
Does reflex action ordinarily occur without positive sensation ? Under 
what circumstances is sensation connected with it 1 Illustrate by refer 
ence to the action of the respiratory muscles, and the muscular aclioB 
of the stomach. In relation to what class of muscles does the spinal 
marrow act for the most part independently of the brain 1 

164. What is the relation of the spinal marrow to the bndn in regard 
to the voluntary muscles 1 What is true therefore of inmries of the 
spine 1 State now the two separate functions of the spmal marrow. 
By what arranp^ement are they performed 1 Illustrate the modes of 
eilectinff sensation — motion — and reflex action. 

165. How does the brain differ from the spinal marrow as to intervals 
of rest 1 Illustrate the continuous action of the spinal marrow, as seen 
in the operations that go on in the system when the brain is asleq), or is 
torpid with disease. Besides these operations, mention some of the mo- 
tions that can be excited through the agency of the spinal marrow inde- 
pendent of the brain. Explain the agency of the spinal manow in eou- 
vulsions. . 

166. What is said of the fact, that in convulsions there is an invol- 
untary action of musclco that are ordinarily under the control of the 
will \ Cite some facts to show that voluntary muscles act involuntarily 
more often than is commonly supposed. 

167. Explain the involuntary action of muscles in walking and other 
like acts. How is it with one who is walkin<r in a reverie 1 What was 
tbnnerly supposed in relation to the importance of the brain as a central 
or«ran of tlio nervous system 1 How do we know that the brain is not 
directly eKsential to the maintenance of lite 1 

108. What are the functions most essential to lifel Upon what part 
of the spinal marrow do these depend I Illustrate the extent to which 
the diiferent parts of the spinal marrow are independent of each other. 
Is there any sensation independent of the brain 1 

169. Why is the system of nerves, of which I have treated in this 
chapter, called the cerebrospinal system 1 What other system is there ? 
What are its purposes] What are its arrangements 1 How does it 
differ in its general arrangement from the cerebro-spinal system 1 

CHAPTER XI. 

170. What two different purposes do the bones fulfil ? W^hat bene- 
volent purpose is manifest in the predominance of the animal portion of 
bone over the mineral in the child ] In what two forms is bony syb- 
stance deposited \ How are these arranged in the flat bones T How in 
the long ] 

171. How are both lightness and strength secured in a long bone- 
first, in the body of the bone, and then, in its ends 1 Why are the ends 
net made like the shaft \ What is the marrow of the bone 1 

172. How is a bone nourished 1 What is the 'periosteum 1 Do arte* 
ries enter the solid substance of the bone 1 Describe the manner ii 
which circulation is carried on in every point, zust shown by the micro 
scofie. 
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] 73. What fluid circulates iii the minute channels in bone, shown to 
us by the microscope 1 What is said of the sensibility of bone 1 Gire 
a general description of the skeleton, noticing the variety of shape in 
the bones, and the purposes which they answer. 

175. How many bones are there in the head ? How many of these 
belong to the face ? How many to the cranium 1 Describe the latter, 
as represented in Fig. 87. 

176. Why is the box (as the cranium may be called) holding the 
brain, composed of so many bones 1 Describe the structure of the prin- 
cipal bones of the cranium. What is the dilTcrence between the join- 
ings of the outer and those of the inner tables of these bones 1 What 
is the reason of this difference I 

177. How are the principles seen in the construction of domes illuh- 
trated in the cranium 1 Of what bones is the dome of the cranium 
made up? Describe the different ways in which strength is secured 
around the base of this dome. Describe especially the arrangement be- 
tween the parietal and temporal bones. 

178. When violence is inflicted upon the head, what is the direct cause 
of the injurious effects felt by the brain 1 On what principle do the 
^ards of the brain defend against this cause of injury ? Mention now 
m their order the different textures through which the vibration of a 
blow must pass before it reaches the brain, pointing out their agency in 
lessening the vibration. 

179. What arrangement is there of the lower part of the frontal bont> 
as a special guard against injury at that point 1 How is the side of the 
bead, so peculiarly exposed to violence, especially guarded \ What other 
organs, beside the brain, are protected by the cranium ] 

180. Describe the arrangement of some of the bones of the i'auti. 
Describe the cavities of the nostrils, and the sinuses connected with 
them. What is the object of the great extent of surface in these 
cavities 1 

181. Describe the lower jaw. How many distinct structures are 
there in the teeth ' What is their arrangement? 

182. How does a tooth differ from a bone? What is the reason for 
this difference? What is the necessity for having a second set of 
teeth ? 

. 183. Describe the hyoidbone. its position, and its connections. Men- 
tion other bones which, like this, are not directly connected with the 
bones of the skeleton. Of how many bones is the spinal column com- 
posed ? Acting as the great pillar of the body, what does it support t 
What is the pedestal on which it stands, and in what manner is this 
pedestal made firm? While this column is thus firm, it needs to be 
flexible — how is this accomplished? .Notice its diflerent degrees of 
flexibility in different portions of it. Wby is there so little motion in 
that portion that supports the t'ramewdiltof the chest ? 

184. Besides serving as a firm piliar and a flexible chain, what other 
purpose does the spinal 'column fulfll? Describe a vertebra. By what 
are the vertebra bound together ? 

185. Describe the canal in this column for the spinal marrow. Wliat 
is the arrangement for the nerves that pass from it ? How are the car- 
tilages arranged 1 What two purposes do they subserve 1 

186. What is there in the shape of the spinal column that acts as a 
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tfafeguaid against shocks to the brain ? • What are now the three objects 
secured in the structure of the spine ? Describe the contrivance at the 
top of it, as represented in Yisa. 95, 96 dt 97. Compare this with the 
mounting of a telescope. What is the difference in tne two cases 1 

188. By what arrangement is the freeness of motion in the neck of 
birds made consistent with the security of the spinal marrow 1 What 
is there peculiar in the spinal column of quadrupeds 1 

189. What is the paxy-vHixy 1 How are the vertebre of fishes con- 
structed and arranged 1 How is the great flexibility of the spine in 
reptiles secured \ How in the neck of the giraffe 1 

190. Describe the arrangement of the breast-bone, the collar-bone, 
and the shoulder-blades. What is the use of the collar-bone, and what 
are its variations in different animals ? How does the shoulder-blade 
differ from all. other bones in the body 1 

192. Why is the socket of the shoulder-joint so shallow ? Describe 
the arrangement of the radius and ulna, and the manner in which such 
free and varied motion is given to the arm. Describe the three parts of 
the hand. 

193. Describe the ligaments that bind the bones of the hand together. 
What is the principal object aimed at in the construction of the lower 
extremity \ What m the upper 1 

194. Describe the thigh-bone. What is the patella t What pur- 
poses does it answer X What part of the foot is formed by the iarsuM ^ 
What part by the meULtarsus ? 

195. How many bones are there in the toesi How many in the 
whole foot ! What object is secured by having so many bones in the 
foot 1 Why is the foot arched 1 Describe its movement in walking. 
With what are the ends of the bones tipped, and why 1 What is the 
arrangement of the membrane that lines the ends of the bones 1 

196. What contrivance is there in the knee-joint, and in the articula- 
tion of the lower jaw ^ 

,CHAPTER XII. 

* ^. Give the summary in ^ 294, in regard to the action of the mus- 
cles, and their nervous connections. 

197. What are the tendons ^ "^Tiat is said of the relation they bear, 
to the muscles — their shape^ — their mode of union with muscles and 
with bones — their strength — and their size 1 How are the muscles and 
tendons arranged in reference to convenience and beauty 1 Illustrate 
Dy the arm and the hand. 

198. Illustrate the application of the first kind of lever in the action 
of muscles — so also of the second kind. 

199. And of the third kin4- 'Which kind ib most frequently used in 
the body 1 • ^ . 

200. What two different objects are aimed at in the application of 
these two levers 1 Illustrate by examples of the second kind of lever. 

201. Illustrate the same by examples of the third kind. What is the 
difference between the motion of the forearm on the arm, and the mo- 
tion of the lower jaw, in the application of the principles alluded to. 

203. Show how quickness is secured at the sacrifice of power in the 
case of the biceps muscle, as illustrated in Fig. 114. Under what me> 
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chuiici] disiiJvanUffo do niDBt of tho muBcles act, aa lepreaented in 
Fig. 1161 

904. Show by this figure how quioknoBB of movement is gained in 
lliia case. Why i> the inu«le. the delloid, whoae aclion ia lepreiented 
in thiH diagram, bo large ! 

SOS. How IB the mechanical disaJTantitge, mhich [hu< remits from 
the ablii\ue action of Ihe muaclfa, in part al>viated 1 Illustrate by Figs. 
116 A. IIT. DescribB the agency at the patella in this rrapect. To 
what extent is the pulley used in the arrangement of musclenl 

SOS. Show the application of the puiley, as seen in the ankle 

30T. Describe the pulley arrangement of the digunlnc musclB. Whtit 
U the neoeamty for such an arrangrment 1 What other oirice does this 
muscle perform, besidea drawing down Ihe lower jaw, and how doei it 



the hall of the eye. 
f opponent tnnsolea ! What ia 
)cl ! Give some enamplca of the 

the cause of wry neck, and of 
of muHcles iW Fig. I ' ~ 



doit 

308. DoBcribe the muscles that moii 

309. What is said of the actions i 
Poley'a comparison I Is it strictly con 
UtI'C eonlraclion of muscles Whsl ii 
■quinCing I Illustrate the compound r 

210. How doea variation in the dcgrte of the contraction nf muBclei 
oBect the variety of motion ! What organ peculiarly eiempliSoa vari- 
ety in ninscutar action 1 Give a general description of the muscles of 
the body, as eihibited in Figs. 123 & 123. 

314. ^liat is said of the variety of size in muectea 1 What other 
parte besides the bonea are moved by muacles 1 How are the muaclee 
arranged in reference to convenience and Bymmetry 1 

SIS, Describe a peculiar arrangement of tendons and musclcE in the 
solo of tbe foot. DeBcribe the arrangMnenl of tendons ropresenliid in 
Fig, 1S4. 

Sltl. Describe the complicated action of the muscles in ewnllowing — 
and in epeaking and ainging. How are the epiglottis and the larjui 
used in theae acts! What ia said of Ihe esse and quickncas of the 
change Iram the one act to the other ! 

21T. Show how the variety and complication of muscular action are 
tllustrated in some of the general movements of the body : — as walking, 
pulling with the feet braced, and balancing. Deecriba the operation of 
the toggle-joint. 

SlC Give examples of the appticnlion of this operation in Ihe action 
of muacleB. 

319, How many miisclea are there in the hand and arm? What is 
Biiid of the extent of the variety of (heir action ! Contrast the liand, 
aa doing lielit and heavy work. Give a eumoiBry of the endowments 
of the hand! 

330. Give a description of varimis muscular movements that may be 
gulnff ^n in the body at the same time. What ia the muscular sense t 

331 lllualrale the operation of it in various ways. Ia thia aenae ■ 
•ouree of enjoyment ^ 

CHAPTER XIII. 
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require to be interpreted by muscular action. By what mode of mnscu* 
lar action are thought and feeling mostly communicated t "What rela* 
tion has writing to this mode of communication 1 What other parts 
beside the face are brought into action in the language of the muscles? 

223. Illustrate the extent of this language. How can we get the best 
idea of its extent 1 How do other animals differ from man in regard to 
the parts used in the language of the muscles 1 What passion is almost 
the only one that can be expressed by them in the countenance 1 What 
distinction is sometimes made on this ground between man and other 
animals! 

224. What are the principal muscles that give the fece expression ? 
How is a smile produce 1 How is sadness expressed 1 How do smil- 
ing and laughing differ in the action of the muscles 1 

225. How does weepins differ from mere sadness in muscular action t 
What peculiarity is there m muscular action in weeping from pain t 

226. To what is to be attributed the apparent expression of the eye 1 
How can it be proved that the eye has no active asency in expression t 

227. What is the common notion in regard to the eye as a means of 
dxpressionl How far is expression a result of combined muscular 
action 1 

228. Describe the muscles of the face, with the action of each, as ex- 
hibited in Fig. 130. 

229. Describe the muscles about the mouth, as shown in Fig. 131. 

230. In what way is the expression of the face made the same in its 
two halves ? What nerve governs all the muscles of expression in the 
face 1 What results when one of this pair of nerves is paralyzed 1 

231. Is there commonly any one muscle devoted to the expression of 
any one emotion or passion 1 Does the same muscle oflen take a part 
in the expression of various emotions 1 Explain the agency of varioua 
muscles — the frontal — the comigator supercilii — ^the superbus. Illus- 
trate the combination of muscular action in expression, as shown in Fig. 
132, and also in Fig. 127 — giving the differences in them. What is tht 
action of the muscles in quiet sorrow ! 

233. What is their state in the expression of a calm pleasure^ 
What in the expression of admiration 1 How does temperament affect 
the state of the muscles in the two last-mentioned expressions? De- 
scribe the action of the muscles in the expression of rage. By what 
combination of the action of muscles are the canine teeth exposed t 

234. Describe the action of the muscles in fear. Show how it differs 
from their action in rage. 

235. Illustrate the agency of the muscles of the eyeball in expression. 
What is said of the action of the oblique muscles 1 

236. Why is the intoxicated man apt to squint and to see double ? 
Why does he raise his eyebrows in the effort to keep his eyes open 1 
What muscles of expression are found in the faces of animals 1 In re» 
gard to what muscles is the horse specially endowed 1 What is said of 
t)ie muscles that distend the nostrils in the case of mani 

237. What muscles of expression are wholly pecuUar to man 1 Re- 
mark on each. What are almost the only passions that can be expressed 
by the faces of animals 1 What special provisions are there in some for 
the expression of rage — about the mouth, and the eye 1 What peculiar 
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pbenommon in the leflMtinn of light ia seen in the eye of the cat trdie, 
and what u the explanatian of it ? 

83B. Give the Huhalancn of ^ 348 in regan] to the cambinatjer of 

4 34S or the action of the rest of ihc body in expreesion 1 

""■), What muaelea of tha body Bympalhiie nioet with those of the 
n expression < Give eiuap leu m illuatration. What eflects are 
produced bj mental emotions an tlie circulation 1 What is the eipla- 
nation of bluatung? What i> isid of the adaptation of the countenance 
to the mind as an inatrumenl of exproseion I Draw the anulog; be- 
Iween the hand and Ihc &ce in this respect. 

S40. What is said of the importance of training (he mnsclei of the 
face ! How far does beauty of countenance dejiend upon muscular ac- 
tion ! What difference is there in this respect between the living coun- 
tenance, and the face of a statue I Give the remark of Addison. 

241, What is said of skill in the use of the muscles of the lace as 
compared with those of the hand t In what cases ma; you see this 
skint What is said of miitakee in interpreting the language of the 
muBclesI What is said of the inJuence of moral and mental cultiva- 
tion upon the countenance? 

342. Explain the eipress-on of the countenance, as seen after death. 

CHAPTER XIV, 

of the apparatus of 
a superiority to other inatnuncuts as a musical 
intcnuDenl. Wtiat most particularly distinguisties it from them] 

344. What is said of its power of fascination ! What comparison is 
made in tbis respect between the voice of conversation and that of wng T 
What is said of tha variety of voices in the brule creation ! 

~" ' '0 what two kinds are wind-in atruments divided ] Explain 
r in which the variation of note is produced in thoHC ul the 
lint kind, bj reference to the flute and the trombone. 

346. tUustiate the same point in the operation of the flute-Btop of itie 
organ. What influence does tile width of the vibrating column of ait 
have upon the note? How is the note varied in those wind-instru- 
ments in which the length of the column of air cannot he altered 1 
Haw are the variations of nolo produced in whistling? 

2i3. What arc aome of the wind-instnunenta of the secanii class ? 
Bow is the sound produced in these ? How is tife note varied l lltuB- 
trate by reference to the reed-stops of the organ. How are the various 
notes produced in the clarionet 1 Trace the analogy, in the application 
of the principles of musical sounds, between the vibrating column of 
air, the reed, and tho strings in such instruments as the piano and vio- 
lin. Explain the relation of the tube of the recd-inatrument to the reed, 
is stated in 4 36 B. 

348, What is the trachea, and of what ia it composed ? Why are it> 
lings of Cttttiiagc not perfect rings ? What ia the taijnx 1 

349. Describe thi! partii of the larynx as represented in Fig. 130. 
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cnt notes of the voice are produced. Describe the a|^iaiatiu of ^ 
voice, as represented in Fig. 139. 

252. What is the arrangement of the two pairs of ligaments t 

253. How do we know that the lower ligaments are the true vocal 
cnords 1 Apply now the principles regulatmg the variation of note in 
conmion musical instruments to the vocal apparatus. 

254. Give Magendie's experiment. What is said of the question as 
to what kind of musical instrument the larynx most resembles 1 Give 
the general conclusion as to the application of the great principle of 
musical sounds. What is the tube of the vocal apparatus, which an- 
swers to the tube of a reedrinstrument 1 How many outlets has iti 
From which does the voice generally issue ! How is it in humming 1 

255. What influence do the cavities of the nose have on the voice! 
In what way is the reverberation in them regulated] In what two 
ways is the size of the vibrating column of air m the tube of the vocal 
instrument varied 1 What influence does this tube have on the charac- 
ter of the voice 1 How would the voice sound if it should come directly 
from the larynx, instead of passing through the tube attached to it 1 

266. What is the cause of alterations in the voice, as hoarseness ! 
Where is the difficulty when the voice is lostl In what two ways does 
the epiglottis afiect the voice 1 

257. What is said of the variety and precision of the action of the 
muscles in the modulation and articulation of the voice ? How much 
do the ligaments vary in }ength in producing all the variety of notes of 
which the voice is capable 1 Give the calculation in regaiii to the mi- 
nuteness of the muscular action in passing from one note to another. 
How does the vocaMnstrument differ from others in the mode of pass- 
ing from one note to another 1 With what instrument can the voice be 
imitated in this respect 1 How does the voice of speech difler from that 
of song] 

258. What is said of the training of the muscles of the vocal appara- 
tus 1 What is the analogy between the training of the muscles movin^r 
the vocal ligaments, and the training of the lips in playing on a reed- 
instrument 1 What is said of skill in managing the muscles of the 
chest in speaking and singing 1 Give the illustration of the bag-pipe 

259. What is one of the chief causes of '* throat disease" in public 
speakers 1 What circumstances tend to produce this disease 1 A^Tiere 
is the voice formed in birds 1 How is the vocal tube in their case altered 
in its length for the diiferent notes 1 

260. Describe the various parts of the vocal tube, that have an agency 
in articulation. In the articulation of how many letters is the tonguf 
the chief agent 1 State some facts to show that the tongue is not S9 
essential to the power of speech as is commonly supposed. 

261. What letters are chiefly formed by the teeth 1 What is lisp- 
ing 1 What letters are chiefly formed by the lips 1 

262. Why do children use labials so early and so freely 1 Of what 
arc their terms of endearment composed in most languages 1 Give 
other facts stated in. this paragraph in relation to the use of labials. 
Illustrate the agency of the nasal cavities in articulation. What consti- 
tutes a distinguishing peculiarity of many consonants ? 

263. Explain the difficulty called speaking through the nose. What 
is said of articulation in whispering 1 



S64. How U the varialiDn of note in whisporing uutied ' How coa 
yon observe the mechanism of the part* necCBsaty in prodmiing ■nj of 
the B|{)babetic elL'metita ! What is natd of the conunoo definition of 
conBonatilcl Mention some of the atlemptB that have been made to 
iIaitBtl^ the aniculation of the voice by uechaniiiiii. 

S6E>. How luanj alphabetic elcmenU are llicre, »a teckoneil hy 
Rmh! By what ia Iho adjualment of the articulating apparatm fot 
em'Ii one of them effected t What is said of the training of the mus- 



aasisli in this inatruction ! IlJnetrate the lacl that it is diificult for aoy 
but the young to acquire accuiatoly the pronunciation of a language. 
What ia Raid of altiil ui the u*o of the vocal apparstua! Compare thia 
with (kill ill the use of other muscles. 

367, What is stammering I What bcU are slated in regard to it ! 
In deaf mules what is the cause of thednmbneniu almost ex-ciy case? 
What cases may be cited in proofl Give the case related by Magendie. 

2&S. What other cases may be cited that are more common! Can 
deaf mutes be taiight to talk ! What objoclions are there to doing it ! 

369, Explain the diHerence between (he voice of speech and tlut of 
■ong. Illustrate the uses of the vanishing movement in speech. 

870. What effect does the use of the vanish on the interval of a semi- 
tone produce ? Illustrate this. What two reasons are given for the fact 
that, while evei^ one learns to taik« there are many that do not learn to 

■JDgl 

STl. How ii musical talent compared with other talents 7 What ia 
the expUnatioa «f venttito<iaiim ! 

CHAPTER XV. 

371. How ia sound produced ! When ia sound mumcal, and when 
discordant ! 

372. What is said of the Iranamiaaion of sound! What of its re- 
flectionl Illustrate the inltuence of the reflection of sound in accumu- 

373. Bow can yon prove tiiat sound, unlike hght, cannot be trans- 
mitted through a vacuiUQ ' What is tnie of the facility of the inmsmis- 
non of sound through solids and fluida as compared wilh ur! Illus- 
trate it by fiicts. How is the feet, that sonorous vibration does not rea- 
dily psaa from nno medium to another, illustrated t Upon what doea the 
degree to which the vibratipn ia lessened in passing from one substance 
to another, depend 1 

374. In what cases is the intervention of a membrane of eesentisi 
service, and why? Give a general description of the process of hear- 
ing. Describe the apparatus of hearing, as represented in Fig. 146. 

375. What U the object of the Ktemal ear! What is the use of 
its ridges and prominences ! 

ST6. What IS said of the eitcmal ears of animals in comparison with 
lum! Describe the tube of the oar. By wbst two means is ilguBided 
•g^nst intrudersl Describe the drum of the enr and the little bones, 

377. What is the arrangvnictit of these bones! "What are ibeircon- 
nactionsi and how do their masdes ,-ici upon ihem1 How does the cav- 
37 



ftj of Ibe tyBipanuni cuimuunicatc with the mouth, and why! Whtf 
put of the oar it the esietittal part of the apparalus ! How mach ef 
.iha apparatus may b« Jetlrujed witbout entire lo» of bearing 
*S« cue related 1^ Sir Aille; Cooper. 

3TS. Describe the parts of the tabjrrinth. In ivliat lUffeient 
\j ileafneas be proituced by Jefecta in ihui pan of the apparetr - 
"~". Why ie it belter that Ibe vibrating ■ubitance in the labyi 

. I than a «oUd or a garcaui lubitancel What i> the " 

F,'|thsin of bonei '. Describe the chalky concretions, and their nie, 

280. What is the use of the /tnalra rolvTuia J Describe the anange- 
nenl of the cochUa. 

281. In what two dirertioni is the vibrarion of the fluid in the laly- 
J Alth transmitted 1 What is the course of the vibration in the cochlea ! 
I 'What ia Ibe Brrangement of the membranea in the cavities of the laby- 
rinth 1 Whai i> the arrangement of the nervea in (he semicircular canals 7 

S83. Describe the distribution of the nerve in the cochlea. In what 
'B does the ncrto here receive impreasions Irom the vibration of 
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I Rearing done in tbie way f Oive examples of hearing through the bone 
' Hiclosing the labyrinth. How does the apparatus of bearing in fishes 
' differ iToin that of man 1 Why is it less complicated than in amoulii 

2S5. Mention some particulars in which the ear of birds differs from 
I 'rtiut of man. What ia the sunplesl form of the hearing apparatus 
(band ill animals ^ What are some of the suppositions in regard to the 
offices of particular parts of the labyrinth 1 What is true of theia! 
What part of the process of hearing can we trace and underalanJ ' 
How much do we know about the transmission of the impression from 
the fluid through the nerve to the mind 1 

2B6. Is it (rue that the eye is a more wonderful organ than the ear' 
What ii said of the mingling of the spiritual and the simply mechani 
cal in ibe process of hearinu? What are ta be considered the two ends 
of the apparatus of hearingl 

CHAPTER XVI. 

3BT, Into what two parts may Ibe process of acemg be divided! 
What principles govern the construction jif the mechanical part of the 
apparatus? What ia the object of its anangemeots! How is the seo- 
ond jaaX of the proccas eiecnted ! How does the tranamisaion of li^hl 
I teaemble that of sound 1 What is the Tcfraction of light I Dluslrato 
]ty Fig. IQ6. 

S88. How are the rays bent in relation to a perpendicular when they 
pass Irom a denser into a rarer medium 1 How, when they pass from 
B rarer into a denser ! How are the rays refracted when they pass 
through a medium thai presents a conva surfacel 

289. How ate the rays refracted when they pus through a medium 
which has a concavt surface T 

£90. How many coats has the eyet Describe Ibe arrangement of 
(ho parts of the eye. as reprcsetiled in Fig. 159. What is the use of 
the sclerotic coatt How Is the cornea fitted into it^ What is the culor 



. of tba charaiil cou, and U 
"■ ' il ! Whsl 

which the aqueoun bumar is. What ia 
of Ihn crystalline uumnr or lena ! Ucscribe the vitreaUB humor. Whj 

391. Deacrilw the variouB parts as tliay are ujore loiniitFlj delineatnd 
in Fig. 160. How is the aqueous humor funneil! How in it conthm- 
ally cTisneo>) 1 Deecnbe the mejnbrane called the conjuneliva.' What 
■re the cii'iB-tj pTOceBBni 7 Dcicribe Ihdr arrangomenl. 

892. What u their u«e1 How are imagcBofobjectifonned upon the 
retina 1 How can the fact, that such images are formed, be proved ' 

293. Whj aiD the*e images inverted i What is the plan nf a camera 
□liBCura? Cunipaie (he eye in its arrBngeoieiiti lo an inBtnunent of 
.His kind. 

294. Wbal Qualitiea are needed in the corneal How ia itB tranBpa 
rencj secured ' Why is it mora convex than ihe Bclerotio coat \ On 
nhat dofs the color of the iris depend 1 What is the principal office of 



306. What is the office of the crystalline lens ! What is in shape ? 
Its slniclure; What disease has its seat here! What are the lhrei< 
modes of remedying the difficulty 1 What two purposes does the cho- 
roid coal nerve ? Why ia its color dark ! 

296. What is the state of the choroid coat in the ntbino? What 
^ves the bright red or pinky hue to ihe iris in his cnae ? How does the 
color of the choroid coal vary in different animals! What is the cha 
racter of the retina, and its oflice I Trace the analogy between the 
optic nerve and the other nerves of sense 1 What roBernblanee is there 
to the nerve of touch in its termination 1 What is the defect in the opera- 
tion of optical inatrumants, called spherical aberration, and how is it 
ohviated m the eye! 

397. What is the difficulty in the operation of a common lens, called 
chromatic abcrmtiaD ! How is this obviated in Ihe lens! How in the 
eye! 

""" "— ■— ■ -'- .,..1..., reaani to the facility with 

at difierenl distances. In 



^ is this accommodaljon elfected 

S9_9. By what defects in the structure of the eye in the near-sighted 
Is this power of adjustment counteracted t How is this difficulty ohri- 
■tedl In what way is near-sightedness oflea prodoaedl What is the 
difficulty In the far-sighted ! How is it obviated? At what different 
periods of life are these two dofects apt lo appeal, and why ! How \» 
the fact, that objects apjiear in their right position, allhon^ their images 
■re inverted on the retina, sometimes accounted fori 

300. What objection is there to this ez|danaIiDn ! Upon what erro- 
Beous idea are auch explanations based ! Da we really know how the 
Riind gets the right idea of the relative position of objects! 

801. What is necessary to single vision in regard to the two imager 

Ginned in the two eyes ? Why do you see double when you press one 

of the eyes a little out of its plaee ! What is neaesaary la singlevision 

. la tbe action of the muiclei ! Wby doe* the btoxioaled man often sm 
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eonfusedly, or even sometimeB double 1 Relate and explain the caie 
given to show how disease may produce double vision. VHiy is then 
not double vision ordinarily in squinting 1 

302. When are the two images in the eyes alike t In what cases are 
they unlike 1 Relate the experiment given in explanation. How is it 
that in such a case, while there are two images, and therefore two im- 
pressions sent along the two optic nerves, yet the impression on the 
mind \i single 1 How does a person who has but one eye, acquire the 
idea of solidity 1 

303. Explam Professor Wheatstone^s stereoscope on the principles 
developed in ^ 454. 

304. Mention the particulars in which the harmony of action in the 
two eyes is wonderful. 

306. Notice the correspondence between the two eyes in that part of 
the process which belongs to the optic nerves. What peculiarity is there 
in the arrangement of these nerves 1 Do we instinctively perceive the 
size, distance and figure of objects, or is it an acquired power 1 Relate 
in illustration the case given by Cheselden* 

306. How does the experience thus related compare with the expeii- 
ence of the child in learning to see? Give the analogy between learn- 
ing to see and learning to walk or talk. In learning to appreciate the 
sizes, shapes and distances of objects, what sense acts as the educator 
of vimon f What is said of the frequency of mistakes in vision 1 What 
of skill in seeing ? What is the tfisual angle 1 

307. Can we get a correct idea o{ ma^tude by the visual angle 
alone 1 Illustrate by the Figure. What circumstance must be known 
in regard to an object, in order to have our estimate by the visual ancle 
correct 1 Mention another means that we use in connection with the 
visual angle. Give examples of mistakes that we ' are apt to lAake in 
the use of this means. 

308. Illustrate the manner in which we get ideas of the magnitude of 
objects by comparison. Show how we sometimes are made aware of 
our dependence on this source of evidence. Why does the moon ap 
pear so large when rising ? Explain the ubc of the muscular sense m 
acquiring an idea of the size and distance of objects. What use is 
made of it in looking at very near objects 1 What is said of our consci- 
ousness of the effort in doing this 1 

309. Why can you not judge accurately of the locality of very near 
and minute objects when you use but one eye 1 What do we observe 
in regard to the use of the convergence of the eyes, when we look ai 
the eyes of others f How &r is seeinff a mental process 1 What is 
said of the conmion notion, that it is a sunple and easy process 1 What 
is said of the training required for its performance 1 

310. Do all the images formed on the retina transmit impressions to 
the mind? Illustrate by reference to squinting. Also illustrate in 
reference to ordinary vision by an experiment. Explain this by 
Fig. 176. 

311 Show now how it is that, notwithstanding the facts stated in 
' ^ 464, we are not conscious of seeing double. Snow too how we can 
by an effort tf the will have this consciousness. 

312. What is the point of distinct vision, as it is called 1 Show how 
ihe mental attention makes use of this — how in looking at an object * 



In nading — m liratdng at u praspect? Why do wo bduu w ■ec iiw 
whole of a page or of a proepect at once trith equal diitbictneM ! 
Hon far da we see the whole of a page or a proBpect at once ? ^'bat 
is Btud of the ininutenraa and conectneas of the picturea farmi:d on tha 

How do we in part extunate thn mo^on of objecta! What ii 

■aid of Iho delicacy of tae procGea bj nhich this ia done ? filuitratc 

the frequent emneousnees of our impreiuiana in regard to motioo. 

Why IB il that nhm wc are uioving rapidly, near ohjecu sceni to fly 

back, and distant olijocla seem Iji go along with uh1 Illustrate tiy the 

3 14. What ia said of the rapidity with which impreadona lecnred 
finm tha imagoa on the retina Rucceed each other 1 Shaw how thi« 
may be meaaured by experiment. To what is the difference in time 
required for distinct tranamiBsion in different indivlduala owing f Trace 
the anatosy between thia differenee and that which we see in diflerent 
indiiidualB in regard to the use of the muscleB. 

315. Eiplain the Thauniatrope. How is the eye situated bo as to 
protect againat injury T How does the cuahion of lat on which it reati 
aeno to protect it ! tn what two ways lioen Tho muBcle that cloaea the 
eyelids serve as a protection to the eye ! 

318, How ia it protected by (be eyelashes ! How by the eyebrows % 
How are the eyelids conalructcd in reference to the protection of the 
eye ! How do the tears serve as a protection \ Why do fishes have no 
taar^apparatus 1 

317. Describe the arrangement of tho learapparatua. Why do the 
tears overflow the edges of the eyelids when they are abundant ! What 
arrangemont of glands ia there on the eyelids ! What two purposes 
does the oily substance formed by tlieni serve 1 How are the tears con- 
ducted into the mouths of the ducts when the eyelids are closed! De- 
acribe the nictitating membrane in tho eyes of birds. 

CHAPTER XVn. 
anted ii 



tacts show that motion and sensation are dependent on the bram 1 
How does it appear that the mind thinks only by means of the brain T 
How is hie con^ued when sensation, moliun, and thought are stopped 
by compression of the brain ! How does the variation of the degree of 
compression vary the cflecl on the mental fnnctiona T How is the de- 
pendence of the mind on the brain shown in diaense I 

32t). Of what is insanity always the result '. How do moral causes 

E reduce it? if the mind were separate from the body, could insanity 
s produced in it! Can the disease in the organization in insani^, 
be alwns discovered in an examination after death '. Describe the situ- 
ation 01 the briun and its immediate connections. 
~_98I. What is said of the face 1 Illustrate the rapidity of the commn- 
nicatioli between the mind and the diflcrent parts of the body. In exe- 
mling muscular motion skilfully, ia any aasislancc derived froni a know- 
ladee of the particular mnacles ! By what arrangement is the miiuj 
enujled to excite so ot'curatoly the motirn of the muscular fibres < 
ST 
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32S. Upon what beaides combmed Ktion in the moBolai doea the anil- 

ItM vBiietj in motian depend I Mention loine casfu in which we bett 
mliae the variety and accur^tcy or the megsagee e«nt froTO the brain Ic 
Ihe muKlM. What Is eaid of tbe irainin^ of the organe of sense aot 
of molion ! What of the amount of knowledge aJ^iured bj the child 
in the first yean of his life ? 

323. Deucribe the training of the musctee in the child. What is tme 
of what is called native grace ? What is taid of the truning of the 
muactea of the face 1 

324. What it aaid of ikill in the Dae of the mnseles 1 What ia said 
of the training of the senses ? How do other animaU dlfler from man 
atlhelint in the use of the muscle* and the senseg] How do tbey dif- 
fer fram him in the amount of akill that training gives I 

335. tlloatratc the tact, that the senses and muscles aTe mutuiJ teach- 
ers in their training. How does the dependence of the muscles on the 
senses dilTer from that of the senses on the musclea 1 What fact illus- 
tralea the abHolute dependence of the muscleB an the senses ' In the 
education of the muscles and the senaea, what is. strictly speaking, 
•dncated or trained 1 Illustrate bj reference to the idiot and the de^ 

336. What ii said of the musdee of the face in the Idiot T Why 
doe* not the education of the muaclea extend to thoae that are inTolun- 
tai; t 

3X7. What difference ia there in the different stages of the training 
^f the muscles In tbe degree of cognizance wliich the mind takes of 
tbiii action ? Illustrate by reference to learning to walk, to read and to 
•ing. What has been the general belief in regard to tbe means of 
Mnununicatian between different minds ! 

338. What ia claimed by some on this point in regard to what it 
called animal magnetism ! What has always been fonni! to be true of 
thi> when ita pretensions are properly tested ? Illustrate the mannet in 
which this was done in one case, 

329. What is said of the illustrstiona aFGnded by animal raagnetiani 
of the influence that can bo exerted upon the body through the mind^ 
To what diseased states is the condition produced in the subject analo- 
gous ^ Does the explanation of tbe phenomena show that there is any 
true magnetic influence in the case ? 

330. What is said of the mingling of moral and physical perversion 
m tbe BUhJBCts of animal magnetism T ^^liat ia said of suggestive 
inauences ! 

331. What is said of the exaltation of the powers of the sensa* in 
the Buhjects of animal magnetism i What b true of olairvojanoe. so 
called I What is said in the note of test evidence ! Give the fact 
elated in illustration. 

33S. What part of the brain has an especial conneolion with the 
mind I What is the chief office of the cerebellum 1 Give thu evidence 
irom comparative anatomy on which this point is settled. ^Vhat expe- 
riments lead to the same conclusion 7 What two nKKona are given wl^ 
the evjitenee on this point from diaeaso ii defective T What fact' — 
neen observed in cases of diaeoae of the cerebellum ! What ncn 
(estmiony is sometimes afforded by disease in regard lu the offine«r 
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Its arrived at by aludying the compai- 
i^Btem, as statod ui f 903. WhU il 
if the white and the gray BuliBlance in 
rcea of evidence in regard to tho func- 



393. Give the summary of n 
«ti*o physiology of (ho ncrvou 
Mid ol llie comparative amount 
the bruD ! Wtiat are the two- 1 
tion of [he gmy substance ! 

334. What eviilencc is there in regard to phrenolo^ from the arrange- 
ment or the gray aubstancel What is tbe conclusion from all the facts 
collected in relation to the eitemal eiaminalion of the head ! What 
evidence ig^e real test of the pretenaions of phrenology V 

833. W&. u! true of tbe pretended locality of argana in the region 
of the frontal sinuB ? Wliat of the organs aaid to be in that part of the 
head nhere tbe cerebellum ia \ What is tbe only fact that seems to give 
countenance to phrenology ? Why doss this fact fail U> prove (hat the 
niecial seat of the intellectual (acuities is in the uppej- and front put of 
the head 1 What evidence have we on this point from the phenomena 
furnished by disease and injuries! 

33e. What is the fafial angle ? What is the diffprence in rogard to 
this between the skull of the European and that of tbe African ■ 
What between the akuU of animala and that of man! What is the 
common meaaure of this angle in ancient statues of deities and heroes \ 
What is said of the rule, that (he amount of intelligence, both in man 
and in animals, is proportioned to (he amount of the cerebrum ? 

937. What bets show that size is far from being the only measure of 
power in case of the hraini In studying the comparative physioloM of 
tbe brain, what signiiicaat lact do wo lind when we come to pass tiom 
the higher anunais to man > Of what character is the mental dlffercncB 
between them and man ? What is said of the ilefiniteness' of the dis- 



tinct! 



and a 



w of the 



:. What note ought to be made of Oiis distmctionhy the compara- 
live physiologiiit ! What is said of the intimacy of the union lielwcon 
the mind and the body ! Wliat miaht we infer from the cloaeness of 
this union in regard to death, if we had no Revelation 1 

339. What ia said of the suppoaed independence of the mind on ths 
body t la there proof that mind ia of itself Indestructible ^ Wbat are 
the three aource* of our knowledge in relation to the coimeetion of the 
mind and the body % What is the consequence if we tel^ upon anir one 
of these alone! What is (he alternative to which one is driven, if h« 
inGne himself to the evidence whicb physlolOEy fumiahea 

341). What is said of the distinction between organized and lutorgan- 
ized matter? What ate the common suppositions in regard to tbe en- 
^wment of organized or living matter? What is said of those endow, 
mtnta of living matter that are connected with the nervous system! 
What question now arises in relation to intelligence in its connection 

341, Wbat does phTsiology show us in regard to tliis connection! 
Point out the deficiencies of its teaching in relation to the naluTt of this 
^onnoctiun. What is the tendency of its presumptive evidence! l.oo!.- 
Ing at the subject solely in the light of physiology, what would be tha 
conclusion in regard to tha dependence of mind on organization, when 
we obserts thg origin and growth of a thinking animal! What beaf- 
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ing on this point has the fact, that the intellect grows with the bnm, ibJ 
appears at last to perish with it 1 

342. What is said of the evidence that, may be drawn by the physr- 
ologist from the tlesign obvious in the efforts of the mind 1 Trace the 
andogy, in this respect, between mental phenomena and those that we 
see in the common operations of life, both animal and vegetable. Show 
how the analogy holds good in the accommodation to varying circum- 
stances in the cases cited. Wliat is the extent of the ansdosy seen in 
the phenomena alluded tol To what idea has the contemplation of this 
analogy sometimes led 1 ^ 

343. Give examples of phenomena in vegetable life, that are often 
called instinctive. What fact in comparative physiology is strongly ad- 
verse to materialism 1 In w^ch direction, however, on the whole, does 
the evidence from physiology, taken alone, preponderate 1 

344. State the ^ound of the great need wnich the physiologist has 
•f the evidence from other sources beside his physiology. What is the 
testimony of consciousness in relation to the independence of the sou) 
in its action 1 What in regard to its lesponsibility for its acts ? How 
lar is this testimony acted upon by all, vmen physiological ^^peculations 
•re left out of view 1 

345. What does the evidence from consciousness show us in relation 
to the connection of the mind with the material organization 1 To what 
altemative does it drive us 1 How is this testimony of consciousness 
treated by the Bible 1 Illustrate our dependence on the Bible for the 
proof of the soul's immortality. 

346. How may the discrepancies in the evidence from physiology id 
legard to th^ connection of the mind and the body be cleared up 1 

347. What is said of the character of the evidence drawn from con- 
scioumess and Revelation I What is said of the presumptive evidence 
from physiology in comparison with it 1 What is said of the present 
moral tendencies of physiological investigations 1 

CHAPTER XVUI. 

347. What was Lord Monboddo's idea of the development of man T 

348. What recent theory has an analogy to this 1 What is true ol 
man and animals in relation to instinct and reason 1 Do we know what 
the nature of instinct is 1 Which can be understood best, the actions 
of instinct or those of reason 1 Illustrate this point. 

349. What seems to produce the actions of instinct 1 What influ- 
ence does the intelligence of the animal exert upon them ? Wliat i« 
said of the invariableness of the actions of instinct 1 

350. Describe the nests of the Baya and the Tailor Bird. 

351. What is said of the perfection of the actions of instinct 1 Why 
•re the cells of the honevcomb made hexagonal 1 Describe the arrange- 
ment of the ends of these cells. Give the fact stated in regard \o uie 
angle made by the sur&ces at their ends. 

352. How is the perfection of the actions of instinct seen in animals 
that live in communities 1 Describe the structure of a wasp^s nest, 
trive the description of the habits of the beaver. 

364. In what respect may instinct be said to be blind 1 Illustrate b) 



ass. Why IB it oilen difficult to diatinguiBh beLweea thn ree 
Ii«H)D and thoBB of LnaliAct! What would ba true of inslinct ii u 
were al all rational 1 Under what circumslancea ia there perfeuiion in 
the actioiia of imtincl I Under what citcumstancea doee il fail I Coq- 
tiaal instinct sud reaeon in this ruapect. Give sDiiie illuatratiotia of tha 
characteriaLiin of instinct slluiJed to, 

356, Give Mr. Broderip's aacount of tbe beavei. If tlie beaver in thii 
case had been guided liy reaaon, what would he have done '. Hew 6a 
i> the care that ammala lake of their pragen; governed b; a blind 
initbet < What U aaid of the lemporaTy aharactflr of paionlal ntfection 
b their caaci In what cane is there no affectiDii at alii 

367. What degree of intelligence is ehown in the power of imitation 
In aninialai Hon dosnimaU show that thej reason! How&rdidthe 
bearer, wbon atoi; is given in ^ C41, reaaon ? How doea the cbaraOer 
of the itiferencea made b; anlmala differ from that of those made by 
manl [lluslrateli; reference to Newton and his dog. Of what are the 
inference! made by animals the reanltsl 

368, When the procesaea of thought in animals ore extended and 
complicated, what la true of them I JlluBtrate by eiBm|i1ea the eitDDt 
to which mental asaociatiun may be carried in the animal, 

359, How do animala learn the relation of cauae and effect 1 Illua- 
trate by examples. How does thja knowledge of caiue and effect differ 
in man and in animals ( is the mental difference between man and 
animals one of decree only? , 

360, Wliat attribute constitutea the great auperiority of the human 
mind? Show how this attribute is the origin of language in man, 
W"hat ia the character of the language of animals 1 Why cannot they 
have a language of arbitrary aigns 1 What is the source of man's be- 
lief in a Creator? Illuatrat« this point Is this belief implanted in the 
mind? What two suppoBitions have been offered in relation to con- 

361, What is aaid of the doubts which some entertain as to the exist- 
ence of conscience I What is trae uf those caaea in which animala 
seem to some (o have amoral sense? Illustrate the fad that in common 
language we recognize the dilference between man and aninials aa Ia 
the posaesnion of a conacience. Give a aummarr of the menial differ- 
ences between man and animals. 

363. Give the gradations which wo find in the nervous system as we 
trace the animal kingdom upward. Why does inatiiict collect no expe- 
rience? What ia tlio difference between the two kinda of reasoning, 
before apolien ot, in collecting experience ? What is said of the amount 
of improvement of which some animals are capable by means of the 
low*r onler of reaaoningl 

363. What is the basis of improvement in man ? What ordinarily 
conatilules Ihe intellectual auperiorily of one man to another? In wh^ 
cunsiala Ihe merit of an inventor or discoverer I llhiatrate tiy reference 
to Jenner, What is the difference between the capabilities of inslincl 
and those of reaaon in the rapidity of their development ? Which form 
af reasoning i> developed first 1 

364, Is the higher reasoniiig to soiae sitent developed rjuile early T 
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Wbal ia nil] of Us deGcieocy in thuaf caMet in which the oTganiEatitn 
i< dafectiie '■ Whal ia asid of Lhe achievemenU of this leasaoingpDwatl 
Wfasi of the wparstian il makM Ivlwcen man ftnil animals 1 Vi~hB[ i« 
■aid of the. ilowness of dcvelD|Mnenl of man'a phyxical ■CmcluiBi 
What ia the eenerol law as M the iteveloiiment o( capsLuiitieB, both meo- 
lal and phyalcol 1 

366, What w Hid of the prominenCB generally given to the differenca 
between mui and nnimala in regard to phjaical eodowmenta ? Illus(aat< 
hj reference Ui the hand. In all Miimnlg, to what are bodily endow- 
menta Biiiled 1 Mention aome bodily eDduwinent* in which mme animaia 
excT'l man. and «liite the reason. In what lespect is man most signally 
auperior Id sniniaJa in physical endowment ! UluBlrata this hy refa- 
enco to Ihp hand and the vocal oigana. 

:tee. lltustrole the aame point by the general motions of the body. 
What i> (Old of the bumsn fonn in repose 1 How do we get Ihe moat 
perfect idea of the superiority of the human orgaaiiation 1 

CHAPTER XIX. 

367. Mrnlion some of the conlraata which we lind un [oolong oiei 
the hninan race. How many varirtiee of the race are cununonly leck- 
oned I What ore the characteriaiica of the Caucaaian variety 7 

366. What are the characteriatics of the Ethiopian voriettea — tha 
Mongolian — the American — the Malay 1 What is aaid of the ttxtent 
to which the race may be divided into varietieB 1 

369. What is aaid of the way in which national difiereneet a 
duced! What is the twinion of most nsturaliEtE in regard to tl.. ,._ 
luction of the lacnt? What ia tlie doctrine of Pmleasor Agosaa *l 
athers 1 State the grounds un which he basua his doctrine. 

37(1. Wliat is his opinion in regard to climatic and other inBDenceaifl_ 
What ia his opinion of the history civen in Gencaia ! Are the difleTSf* 
branches of the race iu his view dillerent species, or mere vorietiesl 
What is the diatinclion between a epeciea and a variety ! 

371. Mention the influence* iiiclu<led in the eipreaeioo, clintalie tnut 
tlker inflsaaa. What is aaid of the influeiicc of climate 1 What it 
the cirGirmatancfl wbri^ has most influence in producing varieties in man 
and in animals! What ia included in the term dmne^lieaiionf What ia 
the predse question in regard to climatic and other influences ? 

872. Mention some 6u;ls that show that climate has a great inflnenM 
on the color of the race. What inducnce do intellectual and moral 
itaiuBS eieit upon the eliape uf tbe head ! 

373. What la said of certain changes in fonn produced by causes, the 
operation of which we do not understand 1 What arc the three differ- 
ent types of fbrai in the head stated by Dr. Prilchard, and hy what 
cauaes are Ihty produced ! State in tegard to each: — the jirogTialkuui 
— the pjrrcnitiuf— the onti. Give some facta ahowing that these typea 
are conveitible uito each other. 

374. What is said of the inaensible eradaCions by which tiie vaiietiea 
af the race pass into each other! What two objections are brought 
against the ojleged oompetency of climatic and other influences to pro- 
duco the varieties of the race T What great &cl ia a sufficieiit reply la 
these ot^ectjona ! State and illoalrale lliia. 



APPENDIX. 



448 



37fi. Apply Ihix Ricl in cipluiatjan of the pniiluctiuii of tte vuioliM 
of the humsn race. What i« said of the analog; thus drawn between 
man and'siiimalt, in compariaon with that which Professor Agaaiiia has 
tiied lo establish ! What consideration weakcna hie analogy '. 

376, If the climatin and other influences appear lo any one incompe 
tent to produce the varieties of the race, ie he driven neceasariiy to ad 
nit iu multiple origin ? What ia aaid of the occstionnl introduction ol 
new CBUBOB by the Ci'eator ! Upon what do oar calculations upon the 
regularity of nature depend 1 What in said of Ibe change in the ago 
of man effected nt the time of the flood! What ia add of the occa- 

377. What ia said of the convulsions which have evidently taken 
place in the eartli ! Does it make any diflerence to the argument, 
whether the results came directly fiom causes, or from a chain of causes? 
Apply the argument to the production of the varieties of the race. 
What i« said of the uhjeclion to the argument, that it is su[tpiising a 
miraculous interposition '. 

373. [b the BUppoBitian thus mads need eiU What is said of it in 
compariBon with the supposition of Agasaizl On what principles ia the 
teslunony of the Bible as to the origin of the race to bo bter|)reted ! 
What are the main facts which it gives in relatioo lo it 1 How is the 
truth of it* testimony conHrmed I 

379. Of what force ia analogical and preaumptive evidence in oppo- 
sition to iti la anv fear to be entertained in regard to bringing the 
Bible to the teat of ascertained facts! If the account in G^neBia be 
true, to what alternative are the advocates of the multiple origin of the 
tace driven ? How does it appear that the truth of Ihc biMc and the 
unity of the race must stand or fait togelberl Does the argument hold 
good, even if the Mosaic account be considered a myth '. 

380. What is the general conclusion in view of the whole subjecll 
What moral bearing baa the doctrine of the unity of the race ? What 
ia said of the pretended reaemblance between the Ethiopian variety and 
the monkey tribe of animals I 



CHAPTER XX. 

861. What is said af the diversity in the manifestations of life I 
How is life always the same in relation lo it* origin ! Remark on tba 
wonderfiil variety of results worked out by the vital force beginning in 
a Bimple cell. How is life always essentially the same in its processe* 
Hs well as in its origin ! 

383. Do we know what life is ? How doea the vital force dilTer from 
such forces aa light, heat, und electricity, in regard to iu power uf dilfu- 
sinn ? How in regard to self-generation 1 How in regard lo the variety 
of its effect* 1 

393. Do we know whether life is one thing 1 What ia said of tha 
supposition, Ihst the principle of li£s resides chiefly in the blood 1 WhU 
are the relations that exist in hvine bodies between the laws of chemis- 
try and mechanics and those of lifel lUuslrate this point. What is 
said of the materials of which the human body is composed, and of the 
degree of heat in which they are kept! 

3B4 Show the dilTerence in the operation of heat on dead and on liv 
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fliff matter, as aeen in the ege. How it the power of the vkal force ex- 
himted in ihe unifDrmity of the heat of the body 1 What is said of the 
changes going on by the operation of the vital force 1 Remark on the 
dormant condition of thia force in the case of seeds. 

386. Remark on the analogy between the hibernation of aniTwals and 
the state of most of the vegetable world in winter. What portions of 
the human system are some of the time donnant, and why f What is 
the most mysterious circumstance in rerard to the vital knee 1 Show 
how the soul and the vital force are two distinct, and, in some measure, 
opposing forces. In what different senses are they both present eveiy* 
where in the system 1 

386. What is said of the deveiopment of the soul in the bodyT 
What of the mystery of this connection ? What is said of the limit of 
the vital force 1 What fitcts show that the endowments of lift are not 
eommonly all destroyed at the moment of death 1 

387. What b Uie distinction between systemic and moUcuUr death t 
What three great systems of the body are each essential to the continu- 
ance of life 1 How may death begin in the cireulatmg system 1 Give 
the three classes of causes by which death may begin io the respiraUny 
system. 

388. Give examples of death beginning in the nervous system. Illus- 
trate the &ct, that death is commonly a complex event What is said 
cf the ngns of deathi 

389. What is said of the clearness of the evidence in all ordinair 
eases in regard to the &ct of death? In the very few cases in whieo 
there is any doubt, what course should be pursued ? What light can 
physiology give us in relation to what is beyond this life 1 What ib 
•aid of the <*<onjecture8 on this subject which its investigations may 
prompt ? 

CHAPTER XXL 

390. From what two sotirces are the rules q€ hygiene to be learn- 
ed 1 Hdw far is a knowledge of physiology necessary lo a proper 
understanding of these rules 1 

391. What division of topics should be made in the subject of 
hygiene 1 What points in the hygiene of digestion have been before 
noticed ? What is said in regard to the amount of food needed by the 
body ? How can we know what this amount is 1 

392. What errors are committed in regard to quantity of food ? From 
what causes is too little food sometimes taken 1 What is said of the 
intervals between our meals 1 

393. What is said of eating regularly ? What of the different kinds 
tf( food ? What of fruits 1 What influence has the mind on digestion 1 

394. What is the general statement in ^ 625 in regard to the hygiene 
of respiration 1 In what two ways is the free access of the air to the 
^unas interfered with 1 What general rule is given as to dress in re- 
gard to the chest 1 In what ways does compression of the chest occa- 
sion disease 1 

395. Why ordinarily is the influence of defective aeration (or airing) 
rtf the blood not appreciated 1 

396. What influence has muscular exercise on the development of 




die oisMM of the body 1 How is it a precervalivs againit ditesM 

Wliat u «ud of violBnt exerciae 1 What is the change going 

tinualJ^ in all parts of the body ! What two 



neccsaar^ 

from the ■vBtem ? 
ter IB discharged 



. all parts of the bod] 
to the proupc perfiirmaDce of this change I 

397. What is said of the discharge of w 
What organs effect this diacbarge ! Hon much 
from the sldn 1 

398. How ia the animal heat produced ! How does exercise increasg 
it1 What tnduenee haa the quality of the blood upon it ! What ii 
essential to a coinforlahte Irnipeiature of the body ? When one ia ion 
much heated how ia the extra boat disposed of? What la the object in 
favoring the body with clothing and in Biirrounding it with healed air! 
What ia aaid of cold aa a cause of disoaae ! 

3U9. Whata;e our mean* of guarding agaiust cold? How should 
we regulate the amount of clothing I ^^ hat la aaid of guarding agaiust 
cold when the body ia in a slate of rest 1 

400. What is said of wDrmin|j bouses ? Why is the influence of 
cold in producing disease commonly ao little appreciated ? Under what 
circumstances does cold act aa a atimulnnl 1 

401. What rules shouhl he observed in the use of cold bathing 1 
What are the best times for uaing itt What occaaiona the mear and 
tear of (he ayiiem^ 

402. When is most of the lepairing of the system done 1 What ia 
laid of the relation of exercise to health ! What oflecC has it an Ihs 
muscles themselves ! What on the other teiturea ! How dues it pre- 
rent deforniity \ 

4D3, What are the two causes of the common deformity of the spine' 
Explain their action. Why in this deformity found so much more 
often in temalea than in male* 1 How much influence haa posture in 
producing it ' 

404. What especially debib'lates the muscles of the back in the 
female? Iltustrats the neceasily of having eierclae Tailed — also uf 
baring it general. What is said of gymnastics and caliathenics '. 

405. What is said of havini; the exerciae habtcusl' Haw does too 
much eierciae do harm 1 What is said of having the exercise agree- 
(ble I What is said of the hygiene of the senses I 

406. What is said of the necessity of seasons of rest for the brain 1 
What significant fact in regard to insanity shows this 1 What is said 
ef the conditions under which the mind can pertiirm much labor without 
harm! What is said of ovorwoiUng Ibe brain during its growlht 
What of the manner in which the child's mind is ordinarily exercised 1 

40T. What two menial causes actiiiK together injure the health and 
sometimes produce insanity ? What uifluenoe has the regulation Driho 
possionaon the health 1 On what portions of the system do alcohol 
and tobacco chiefly act T What is said of alcoholic slimulanta ! 

408. Show bow tobacco may act indirectly aa a stimulant. What 
are its effects on the system ? To what class of persons is it especially 
' ' ' ' What Is the evidence in regard to the influence of tea and 



coffee 
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prodyced by any one of these caases alone f What is said of our con- 
trol over these caosef t 

410. What other causes of disease are there ? To what extent do 
they act compared with those mentioned in ^ 674 1 How may we often 
escape their influence 1 What is said of the comparative value of pre- 
ventive and curative measures t Illustrate the prevalent error on this 
point by reference to consumption. From what does the common 
neglect of preventive measures arise, and how can this be obviated T 
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Aberration, aphcrioal S9fi 

ehromalic 39T 

■voided ID Ihe eye 397 

AbiorplioD 3 

1^ lacleal* 58 

by IjmphsticB 117 

bj veina 118 

bj CRill •"" 

AbwesB, conoTt of aclion in. 
Asratian of Ihe Blood, bov 

ilont. 88, lOS 

how interfered wilh r 

Aganiz, hii doctrine uf the 

multiple origin af the )iii- 

Air.ctimpDii'ionorBndcbangea 

in it by reepirBtion,.,....: 

agency of pinnti in keeping 

neceisitT of a good eupply of 

it to health : 

Air-cella of the lungi 

importance of ihetr function. 94 
faann done in compTeuing 
Ihero 

Alcoholic StimulBntB. iheir in- 
Suenceon health 

Alimentary Canal, meaning of 

the term 

of diflTerent lengths in diiTer- 
ent aniniali 

AUantoia 

Aneurism 65. 69 

them and planla .. . . 

intelligence of 

thslt uaocJBliona of ideaa. . . 358 
their mode of learning rel a- 

lion of cauie and effect . 



Animal Magnetiaui ....... 

Aorta ho 

Arm, bonea of 19S 

Arteries, whj ao called. 7S 

why made atrong 8S 

how to atop their tdeeding. . . ftH 

Articulation of the voice 369 

Arytenoid Cartila^ea S49 

Aasimilation 16 

Balancing, action of mnacles in .317 
Bathing, how it should be 

practlaed 401 

Baya'aneat 860 

Beaver, haliita uf !I60 

Beauty, regard to in the ar- 
rangement of the masclea. 197, 
307, 314 

Birda, respiration of. I DO 

apinal column of. 189 

vocal apparatus of SR9 

Blood, ila changes 73 

itacDUrse 7S 

variety of leiturBs made 

from it 110 

tells in it 136, 137 

' life in 383 

Bonea, compoaition of. 37 

uses of 170 

inaenaibilily of.... 173 

very eenaibte when inflamed. 1G5 

marrow in 171 

various shapea of. 173 

of the head |75 

of the nose 180 

of the lei; 1M 

of the foot IBS 

Bony aockel of tha eye 17i> 
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Brain I44r-146 

how guarded from violence. . 178 

organ of the mind 819 

its situation and connections 320 
size of as measure of tUtf 

intellect .336 

Its development influenced 

by mental activity 372 

hygiene of. 406 

Breast Bone 88 

Buccinator Muscle 229 

Calisthenics 404 

Capillaries 65 

their agency in keeping up 

the circulation 70 

Carnivorous Animals 43, 60 

Carbonic Acid Gas, thrown off 

from the lungs 101 

where formed 102 

quantity of it discharged 

from the lungs 103 

absorbed by plants 104 

Cartilage J... 37 

Cartilages joining the ribs to 

the breast bone 88 

between the vertebr» 185 

Camera Obscura 293 

Carpus 192 

Cataract 295 

Causes, evidence that new ones 
have been introduced since 

the original creation 376 

flails, the true formative ves- 
sels 123 

their shape 124 

seen both in fluids and solids . 124 

their contents 125 

their selecting power 125 

their operation incomprehen- 
sible 126, 137 

some make other cells 126 

two kinds in the blood 127 

cells perform absorption 128 

and secretion 129 

fibres of muscles made up of 

cells 130 

cells make teeth, nails, 6lc. .131 

how they make nerves 132 

cells in the gray substance 
of the brain 132 



all living things built by 

cells 132,188 

operation of cells in the egg 

during incubation 133 

Cellular tissue, structure of . . . . 38 

Cementum 181 

Cerebellum, functions of. . . . . .332 

Change, constant in the system. 121 
Chemical laws controlled by 

vital 383 

Chest, framework of. 88 

compression of 95, 894 

Chin, possessed only by man. . 30 

Choroid coat of the eye 295 

Chyle 68 

Chyme.. ; 51 

Ciliary processes 292 

Circulation, its apparatus 64 

double 73 

aflfected by emotions of the 

mind 239 

hygiene of. 395 

Climate, influence of in causing 
the varieties of the race. . .371 

Cochlea 281 

Coffee, influence of on health. .408 
Cold, depressing influence of. .398 

sometimes a stimulant 400 

Cold-blooded animals 106 

Collar bone. 88, 190 

Concert of action in formative 

and other vessels. ... 110-116 
Conscience, not possessed by 

animals 27, 360 

Consciousness, its evidence 

against materialism 344 

Consonants, incorrectness of 
the common definition. . . .264 
nasal reverberation the pecu- 
liarity of some of them. . .262 

Convolutions of the brain 145 

Convulsions 165 

Coracoid process 190 

Coronary arteries 80 

Corrugator supercilii 228 

Cranium, bones of 175 

Creator, belief in and knowl- 
edge of result of the power 

of abstract reasoning 360 

Cricoid Cartilage 249 

Crystalline lens 295 
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Goticltf 119 

made up of cells 130 

Daisy 18 

Deaf and Dumb 223 

why they are dumb. . , .i. . . .267 

teaching them to talk 268 

Death 387 

Deformity, how produced 402 

Deglutition 47 

Dentals 261 

Dentine 181 

Diaphragm 89 

Digastric muscle 206 

Digestion. ...'...'. 42 

hygiene of. 53, 391 

Disease, summary of its causes . 409 

prevention of 410 

Distinct vision, point of 312 

Dog, his muscles of expression . 237 

sagacity of. 358 

Dome, principles of seen in the 

cranium 177 

Domestication, influence of.". . .371 
Drowning explained 97 

explanation of some cases of 
restoration 109 

Ear, its shape 275 

its bones 276 

its winding passages 277 

Egg, section of 134 

how cells develop the bird. . . 135 

Electricity not nerve force 160 

Elementary substances in ani- 
mals and vegetables 20 

Elb^jw joint 194 

Emphasis some of the princi- 
ples of 269 

Enamel, structure of 131, 182 

Epiglottis 48, 216, 256 

Erect posture of man 30 

Ethiopian variety of the race ; 
evidence, of its existence 

in early ages 374 

Excretion, by what organi per- 
formed 1 18 

Exercise, influence of on diges- 
tion 54 

on the circulation 395 

on the development of the 
body 396 



on the heat of the body 398 

Experience, no transmission of 

it in animals as in man. . . . 362 
Expiration, mode of perform- 
ing. 90 

Expression, nerve of in the 

face paralyzed 157 

Expression eflected by muscles. 222 
its principal muscles in man . 224 

in animals 236 

Eye, optical instrument 287 

nerves of 158 

muscles of 208 

in itself inexpressive 226 

its parts 290-292 

how it accommodates itself 
to objects at diflerent dis- 
tances 298 

its defences 315 

Eye-brow, its agency in expres- 
sion 225, 228 

Face, muscles of 202, 228 

its capabilities in expression . 239 

training of its muscles 240 

state of its muscles after 

death 242 

Facial angle 336 

Far-sightedness 299 

Fat, uses of 40 

Fear, action of muscles of face 

in 236 

FibriUffi muscular 130, 196 

Fingers, arrangement of ten- 
dons in 215 

Fishes, respiration of. 98 

spinal column in 189 

Food, quantity needed 391 

regularity in taking 393 

Foot, bones of 196 

Fordyce, his experiments on 

heat 107 

Formation and repair, by what 

done 109 

hygiene of 396, 401 

Formative vessels, selecting 

power of 110 

their concert of action illus- 
trated iu various ways. 1 lO-l 16 

are really cells 123 

Frog, changes from the tadpole 

sfkte lis 
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oelli semi in the circulation 

in w^ of the foot 124 

Frontal nnas 179 

different sizes of 335 

Functions, distinctions be- 
tween nutritive and anima! . 36 

Ganglions 149 

Gastric juice 60 

Gills, truly lunj^ 98 

Gizzard, in birds 62 

Grace, in the action of the 

muscles 242, 366 

Gradations, doctrine of. 82 

Grasshopper, respiration in. . . . 99 
Gray substance of brain.. . 132. 147 

amount of compared with 
the white substance 3:i3 

dependence of mind on 384 

Gymnastics 404 

Hand, ireally possessed only by 

man 29 

variety of its motions. 218 

Harvey, discoverer of the cir- 
culation 72 

Head, bones of 17.5 

Hearing, apparatus of 274 

norvos of 282 

organ of in fishes 284 

in birds 285 

Heart, a forcing and suction 

pump fii) 

its action illustrated 69 

double 73 

valves in 74 

its au rides and ventricles . 74-79 

front view of 80 

map of 81 

situation of 82 

sounds of. 83 

its sac 84 

its number of beats 85 

insensibility of to touch 156 

Heat of the body, how main- 
tained 104,397 

where made 105 

sources of the fuel for it 105 

on what its amount depends. 106 

effect of exercise on it 106 

degrees of heat in the ah 
which the body will bear. . 107 



its uniformity in maa. • . 107, ' 

Herbivorous animals. .48, 60 

Hibernation 108 

Hoarseness, cause of. 256 

Honeycomb, the perfection of 

it as a structure 351 

Human race, varieties of. 367 

Humerus 190 

Hunger, cause of and seat. ... 54 
Hydra 23, 26 

cells in 125 

Hygiene, how its principles are 

learned .390 

Hyoidbone 183,248 

ilium 175 

Images on retina, inverted. . . .293 
why the mind sees them erect.299 
rapidity of their succession. .314 

minuteness of ,312 

rmmortality of man 28 

known only from Revelation. 345 
Ins.>inity, result of disease in 

the organization 3t0 

some of its causes noticed. ..407 
influence of sleeplessness in 

producing it 406 

Inspiration, mode of performing. 90 
Instinct, more mysterious than 

reason 34u 

uniformity of its action 349 

its perfection.. , 351 

exhibited in communities of 

animals 3.52 

blindness of it 354^56 

Involuntary muscles. 162 

not trained like voluntary. . . .326 

Iris... 294 

Iron, in the blood. 20 

Carried in cells , . 127 

Jaw, lower , . 181 

its digastric muscle 207 

Joints, lining of 195 

Knowledge, communicated only 
by muscles 222 

Labials 261 

Lacteals 58 

Language, result of the power 
of abstract reasoning 360 



Ldrpii B48-S63 

Laughter, by what muBcles 

LeavvB, diKharge ox<pg«)n anil 

absorb carbonic acid giu. . 104 
Lever, llie three kinds of ciein- 

plilied in the musclea. . . . .198 

Ligamnnia, of the liaiid 1!)3 

of thBHriat and ankle ZOfl 

local Mil 

Life, iU origin and pruaeeaeB.. .381 

Its niture unknown 383 

diiren l^aiD other forces. . , ,'.S8S 

oonlrala chemical forces 383 

HoiDFtiines donnanl SB4 

ita connection with the aouLSSli 

Light, KfraclionoC S8T-SS9 

Lips, their agencj in apoech. ..£61 
Lime, in animals and vegeto- 

blea at) 

LobwotDi, reBrdration of. S8 

Locomotion, distinguishing ani- 
mals from plants St 

Lungs, Btruetiire of 86 

Lymphatic abaorbenl* 69 

what they ibvorb. 117 

Man, disIinclionB between him 

and animals, .S7-31, 347. 3R6 

their deliiiileneH 337 

Mutication 4:i 

MaMriiliam, teniti^ni^ id in 
MHiie physiologiat*, and 

why 339 

Meals, interval* Iwtween 3!)3 

Mechanlraldiand vantage under 

wbieli muacle* act 203 

Meaentery, plan of. 57 

Metacarpus |9S 

llelaUrsa* igf 

Mind, dependence of on the 

brain 91S 

rapidity of its cummunico- 
tiun with all parts of the 

training of in the use i,{ the 

ita (Uppoaed indeitructlliilily .33d 

nature of its union with 
(he body , .93B-S4T 
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Nictttating membrane 317 

Noae, bones of. .180 

nerves of. 154 

Note, variations of, how pro- 
duced in wind instruments. 246 

in reed 247 

in the vocal instrument 257 

Oesophagus described 49 

Objects, now they are pictured 

on the retina 292 

how the eye is adjusted to 

their difierent distances. . .298 
how we estimate their motion.313 

Optic nerves, crossing of. 305 

Organ, flute stop of 245 

Organic life, distinguished from 

animal life 24. 139 

Organized and unorganized 

substances 13 

diiTerence between in per- 
manency 15 

in regularity 17 

in size 19 

in structure 20 

organized built by celU 136 

Ostrich, respiratory apparatus of 100 

Oval form of head 373 

Oxygen, absorbed by the lungs. 101 
exhaled by plants 104 

Pacinian corpuscles 151 

Pain, a warning of danger. . . .154 

expression of the counten- 
ance in 225 

PapilliB of the skin 120, 150 

Patella 183, 194 

action of the muscles on. . . .205 

Pelvis 173 

Perspiration, influence of in 

enabling the body to bear 

very hot air 108, 398 

Petrous (rock-like) bone. . . 180, 275 

Pharynx 47 

Phrenology 334 

Plants, distinctions between 

them and animals 21 

Pleura 88 

Plexuses of nerves 149 

Prognathous type of head 373 

Pulse, cause of. 65 

Pylohis 61 



Pyramidal type of head 

Quickness of action' the chief 
object in most muscles 200 

Radius 193 

Rage, action of muscles of 

face in 234 

Reaction against cold, how pro- 
duced 400 

Reason, not conflned to man.. .348 
of a lower order in animals. .362 
Reasoning abstract, peculiar to 

man 27, 359 

source of language 360 

of a belief in a creator 360 

of knowledge of right and 

wrong 360 

Reed instruments 247 

Reflex action explained 162 

Respiration, its apparatus 86 

mechanism of 88 

hygiene of. 394 

Respiratory apparatus of fishes. 98 

of insects 99 

of birds loO 

Retina, structure of 296 

images formed on 292 

Revelation, its evidence against 

materialism 345 

testimony of in regard to 
unity of origin of the race. 378 

Reverie, involuntary action of 

muscles in 167, :1C7 

Ribs, arrangement of SH 

movement of in respiration.. 0:2 

Ringentes (muscles) 237 

Robinet, his doctrines 31 

Sacrum 1 73 

Salivary glands 45 

Scapula 1 90 

Scintillantes (muscles) 237 

Secretions, formed from the 

blood 116 

by cells 129 

Sebaceous glands 120 

Seeing, a process that is learn- 

ed 305 

Semicircular canals 278, 282 

Sensation, distinguishes ani 

mals from plants 23 
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n compound act 141 

what la necjpssary to it 142 

special and common 154 

Sensibility, various in different 

parts 155 

Serous membranes 41 

Silex in plants • • 20 

Silkworm, its changes illus- 
trating concert of action 
in the formative vessels.. . . 113 

Skeleton, description of 173 

Skin, structure and functions of. 1 19 

hygiene of 397 

great sensibility of. 155 

Somnambulism 330 

Son?, how it differs from speech. 268 

why more difficult. 270 

Soul, its connection with the 

vital force 385 

Sound, how produced and trans- 
mitted ......272 

difi*erence in transmission 
through solids, liquids and 

gases ^ . .273 

Sound musical, how it differs 

from noise 271 

how its note is varied in wind 

instruments 246 

how in reed 247 

how in the vocal instrument. 253 
Speech, instruments for imita- 
ting it 264 

Species, how it differs from 

variety 371 

Spinal column... 88, 173, 183-187 

of birds 188 

bf fishes and reptiles 189 

deformity of, how caused. . . .403 

Spinal cord or marrow 153 

its functions 164, 167 

Squmtin^ 209, 301 

Stammering 267 

Stereoscope 302 

Stomach, used in two senses.. . 15 
distinguishing animals from 

plants 21 

its three coats 41 

its muscular coat 51 

difference of this organ in 

different animals 60 

Stigmata 99 

Sapeibus muscle 230 



Sutures of the skull 177 

Sweat glands 120 

Sympathetic system of nerves . . 169 

Talking, how learned 265 

Tarsus 194 

Tailor-bird's nest 350 

Tea, influence of on health. . . .408 

Tear apparatus 316 

Teeth, different kinds 43 

structure of 131, 181 

nerves in 151 

why secoHH set needed 182 

Tendons 38, 197 

Temporal bone 177 

Thaumatrope 315 

Thigh bone 194 

Thirst, caQse of and seat 55 

Thoracic duct 59 

Throat disease 259 

Thyroid cartilage 248 

Tobacco, its influence onhealth.408 
Toggle-joint, exemplified in the 

joints of the body 217 

Tongue, its variety of motion..210 

its agency in speech 260 

Training of the muscles and 

the senses 325 

Tubull of the nerves 147^ 153 

Ulna 192 

Valves of the heart 74, 78 

of the aorta 77 

of the veins. 67 

Vanishing movement in the 

voice 269 

Veins, structure and situation 

of... 65 

why the blood accumulates 

in them at death 71 

what they absorb 118 

Ventilation, effects of, defective. 103 

Ventriloquism 271 

Vertebne described 184 

Violin, imitation of the voice 

with..i 257 

Vision, apparatus of 287 

why commonly single , 300 

sometimes double 301 

vision mostly a mental pro- 

309-411 
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bow the figofe* tUEe and dis- 
tances of objecta are 

known 806-308 

mistakes in, bow rectified . . . 308 

V^isnal angle. 305 

Vitreous table of the bones of 

the skall. . • • ...176 

Vocal ligaments.... ....260 

Vocal muscles, education of. • .266 

trained by the ear 268, 266 

Voice, chief means of com- 
municating knowledffe. .. .222 
its apparatus a nMsical in- 
strument 248 

articulation of. 269 

Waste of the system, by what 
organs thrown oC • . 118t 817 



influence of its retention. • • .397 

Wapp*s nest 852 

Water-scorpion, respiration of. 99 
Weeping, action of the mus- 
cles in 226 

Whale, arrangement for catch- 

ing its f(^ 45 

its reservoirs for containing 

arterial blood 97 

Whispering, how done 263 

White substance of the brain . . 147 

office of. 384 

Wind instruments 246 

Zoological provinces 870 

Agassiz's analogy in this re- 
ipect &ib in »s«d to 

,. .....371 
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